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1  think  I  cannot  do  better  than  to  premife  to  this  book,  the 
fentiments  contained  in  the  letter  with  which  I  accompanied  the 
fame,  when  I  fent  a  copy  of  it  to  Dr.  Franklin. 

Turin,  20th. 
of  May ,  1771. 

I  THANK  you,  mod  excellent  Sir,  for  the  exadt  de- 
fcription  of  your  new  and  really  harmonious  mufica! 
indrument  with  glafles,  which  you  have  fent  me  (to  you  it 
is  given  to  inform  mankind  of  the  true  principles  of  the 
Electric  Science,  to  encourage  them  againft  the  terrors  of 
thunder,  and  charm  their  ears  with  a  mod  fweet  mufic)  ; 
and  I  will  moreover  venture  to  thank  you  likewife,  in  the 
name  of  our  Italy,  for  having  in  confideration,  as  you  are 
pleafed  to  fay,  of  our  harmonius  language,  given  the  ap¬ 
pellation  of  armonica,  to  your  agreeable  indrument*.  With 
regard  to  me5  I  do  not  know  how  to  tedify  better  my 
gratitude  to  you,  for  the  many  marks  of  your  kindnefs, 
than  by  fending  to  you  this  new  product  of  my  labour,  and 
accompanying  it  with  a  wifh,  that  it  may  anfwer  your  fird 
opinion  of  it,  as  you  were  pleafed  to  exprefs  it. 

As  for  the  bignefs  of  this  volume,  I  hope  it  will  not 
tire  you  j  befides  the  common  excufc,  that  I  have  not  had 
time  enough  to  write  with  more  brevity,  I  have  had  rather 
to  repeat,  than  to  quote  :  and  to  fay  the  truth,  I  do  not 
think  that  the  number  of  both  experiments  and  folutions 
contained  in  this  Book,  bear  a  very  unequal  proportion 
to  the  fize  of  the  volume. 

I  hope  you  will  not  be  furprifed  that  I  conclude  this 
book  with  expreffing  willies  that  farther  new  confirmations 
-of  the  Theory  contained  in  it,  may  be  procured  ;  you  too 

See  Dr.  Franklin’s  Works,  page  438,  fifth  Edition. 
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well  teach,  by  your  own  example  and  authority,'  how 
(lowly  and  difficulty  our  fenfes  allow  us  to  proceed 
in  the  attainment  of  natural  knowledge,  which  is 
inexhauftible,  And  how  many  new  informations  does 
not  Science,  however  comprehenfive,  want  to  this  day  ? 
We  know  how  to  meafure  the  velocity  of  light,  but 
we  are  ignorant  how  it  proceeds.  We  can  define  the 
order  of  our  mundane  iyftem,  and  yet  we  are  ignorant 
of  that  force  which  both  parts  and  unites  it,  &c. 

But  what  (hould  be  the  confequence,  if  new  informa¬ 
tions  with  regard  to  Electricity  happened  to  produce  an¬ 
other  different  theory  ?  The  whole  feries  of  my  experi¬ 
ments  to  this  day,  takes  any  fuch  fufpicion  from  me;  in 
fuch  cafe  however,  the  value  of  this  book,  if  indeed  it 
may  be  faid  to  have  any,  would  fubfifi.  The  experiments 
would  remain,  together  with  their  collection  and  unity. 

I  hear  that  you  are  preparing  to  go  back  to  your  native 
country.  Whether  America  or  Europe  poffefs  you,  pre- 
ferve  yourfelf  to  the  world,  to  fcience,  and  the  lovers  of 
it.  Wherever  you  may  be,  I  always  diali  be  the  moil  ob- 
fequious  admirer  of  your  eminent  merit. 
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SECTION  I. 

Of  the  Theory  of  Artificial  Electricity,  efpecklly  in  de - 
fere7it  or  conducting  bodies,  deduced  from  the  cir¬ 
culation  of  the  eleCtrical  fire  in  the  ordinary  ap¬ 
paratus. 


CHAP.  I. 

*  • 

Compendium  of  the  theory . 

I*  l^MRST,  the  two  matters  of  true  learning,  Obfervation  and 

J  ’  Experience,  have  (hewn  this  century,  that  within  the 
fubflance,  and  on  the  furface  of  all  bodies,  a  particular 
fluid  element  is  diftuled,  which  is  of  a  diftinCt  nature,  and  in  the 
atmofphere  governs  the  clouds,  lightning,  thunder,  &c. 

2.  This  element  is  diffufed  in  bodies  in  proportion  to  their 
natural  capacity,  it  remains  there  balanced  with  itfelf,  has  no 
motion,  and  produces  no  impreffion  on  our  organs. 

3.  But  when  the  power  of  nature,  or  of  art,  changes  the  natural 
proportion  in  bodies,  by  tranfporting  part  of  that  fluid  from  the 
one  to  the  other,  then  finding  itfelf  unbalanced,  it  vehemently  en¬ 
deavours  to  fpread  and  diffufe  itfelf  from  the  bodies  in  which  its 
proportion  is  become  greater,  to  thofe  where  it  is  become  lefs. 

4.  And  then,  either  that  fluid  is  prevented,  by  refifting  bodies 
that  furround  it,  from  diffufing  itfelf  to  an  equality  ;  or,  actually 
furmounting  thofe  refiftances,  becomes  able  to  diffufe  itfelf  ;  and 
in  both  thefe  cafes  it  manifefts,  either  its  Rate  of  inaequilibrium, 
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or  its  aCtual  diffufion,  with  certain  peculiar  figns,  which  are  com¬ 
monly  called  JJgns  of  eie  Ct  ricity. 

5.  That  element,  which  is  now  acknowledged  as  the  principle 
of  the  greateft  effects  in  nature,  many  of  which  art,  borrowing 
help  from  it,  has  enabled  itfelf  to  imitate,  is  the  very  fame  of  which 
the  ancients  had  indeed  fome  knowledge,  but  were  acquainted 
with  only  a  few  of  its  efìeCts  and  motions,  in  a  few  particular 
bodies,  chiefly  in  amber,  or  eleClrum  ;  whence  it  has  received,  in 
thefe  days,  the  name  of  electrical  fire  or  fluid;  the  whole  of  its 
effeCts  is  called  electricity  ;  and  the  knowledge  of  thefe  may  be  con- 
fidered  under  two  heads,  and  called  Artificial  EleCtricity,  when  and 
where  it  is  excited  by  art  ;  and  Natural  EleCtricity,  when  it  is  ex¬ 
cited  by  nature  herfelf. 

6.  Therefore,  if  the  furrounding  refitting  bodies  hinder  the 
eleCtrical  fire,  when  unbalanced,  from  fpreading  itfelf  to  an 
equality,  then  it  manifefts  this  its  unequal  fiate,  by  making  the 
moveable  parts  of  the  electrified  body,  diverge  from  each  other, 
and  tend  towards  bodies  that  are  not  electrified.  I  call  that  fign, 
an  eleCtrical  fign  of  fimple  prefiion,  or  of  mere  inequality,  or  of 
prejjing  electricity. 

7.  Hence  arofe  the  idea  of  annexing  to  the  bodies  that  are 
electrified,  two  threads,  in  order  to  eftimate  their  prefent  electricity 
from  the  degree  of  their  divergency.  I  ufe  for  that  purpofe 
Flanders  thread,  extremely  fine  and  .flexible,  two  or  three  inches 
long  ;  and,  to  prevent  their  entangling  together,  I  fufpend  to  each 
of  them  a  little  ball  made  of  the  pith  of  elder.  This  I  call  an 
eleCirofcope  :  fuch  an  eleCtrofcope  does  not  exceed  in  weight  the 
fourth  part  of  a  grain. 

8.  But  when  the  eleCtric  fire  is  actually  able  to  furmount  the 
furrounding  refiftances,  and  from  the  body  in  which  it  finds  itfelf 
in  a  greater  proportion,  actually  diffufes  itfelf  into  bodies  wherein 
its  proportion  is  lefs  ;  then  it  manifefis  itfelf  with  new  figns,  with 
particular  motions,  fparks,  a  wind,  &c.  all  which  are  called  vivid 
figns,  figns  of  a  prefent  diffufion,  figns  of  a  vivid  electricity. 

9.  And  with  regard  to  its  motion  ;  if  around  the  electrified  body, 
or  near  it,  there  are  fome  moveable  bodies,  which  the  unbalanced 
eleCtric  fire  may  direCt,  extend,  fufpend,  difpofe,  or  throw  into  its 
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xv ay  from  the  electrified  body  to  bodies  not  electrified,  that  fire, 
by  its  peculiar  efficiency,  actually  directs,  extends,  fufpends,  or 
throws  thofe  moveable  bodies  ;  and,  in  fhort,  difpofes  them 
throughout  the  refitting  medium  in  the  propereft  manner,  in  order 
to  diffufe  itfelf  through  them,  with  the  greateft  velocity  its  nature, 
and  the  traduffiive  quality  of  thofe  bodies,  can  allow. 

10.  But  if  around,  or  near,  the  electrified  body,  there  are  no 
moveable  bodies,  apt  to  tranfmit  the  eleCtric  fire,  and  which  this 
may  difpofe  in  its  way  ;  and  if  at  the  fame  time  this  unbalanced 
fire  is  able  to  throw  afide  the  refilling  medium  that  parts  it  from 
bodies  not  electrified  ;  then  that  fire  actually  drives  this  medium 
in  that  part  where  it  refills  lets,  with  a  noife  and  fparkling  pro¬ 
portioned  to  its  own  denfity  and  quantity. 

11.  This  fign  arifing  from  fparks ,  is  often  complicated  with 
that  refulting  from  motion  ;  that  is,  whenever  the  feries  of  bodies 
which  the  eleCtric  fire  difpofes  in  its  way,  is  not  continued  enough, 
or  of  a  fufficient  fize,  invifibly  to  tranfmit  the  fpark  through  its 
own  fubftance  j  then,  in  the  places  where  fuch  a  feries  is  either 
too  fcanty,  or  interrupted,  the  fire  ruthes  out,  and  manifells  itfelf 
with  a  proportioned  noife  and  light. 

12.  And  it  is  in  fuch  a  pafiage,  through  bodies  of  a  finali  fize, 
that  the  eleCtrical  fire  may  inflantly  produce  in  fuch  bodies  all  the 
identical  efteCts  which  the  common  fire  can,  though  in  a  trad  of 
time,  produce  in  them,  refpeClively  ;  that  is,  the  eleCtrical  fire 
condenfated  in  a  fpark,  alters  thefe  bodies  proportionably  to  the 
denfity  with  which  it  prefies  through  them,  and  conformably  to 
their  nature,  in  the  fame  manner  as  the  common  fire  would  do, 
but  with  fuch  a  fuperior  quicknefs,  as  it  may  be  faid  to  perform 
it  in  the  fhortell  tempufcnlum  of  its  pafiage. 

13.  Lafily,  the  third  eleCtric  fign  of  an  aCtual  diffujion ,  is  a  real 
wind  that  blows,  efpecially  from  points  annexed  to  electrified  bo¬ 
dies,  or  prefented  to  them.  .  The  reafon  is  this:  thole  points 
throw  into  the  contiguous  air,  or  draw  from  the  fame,  the  elec¬ 
trical  fire  with  fuch  a  force,  that  in  both  cafes  they  repel  from 
themfelves  the  air,  either  loaded  with  part  of  the  fire  of  which 
themfelves  are  too  replete,  or  deprived  of  its  own  fire,  if  thefe 
bodies  were  themfelves  in  a  wanting  fiate  ;  and  thefe  points,  while 
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they  thus  drive  away  the  air  next  to  them,  throw  into,  or  draw 
from,  the  new  air  which  laterally  fucceeds,  the  electrical  fire,  and 
efifeCt  it  in  fuch  a  divided  manner,  that  the  fire,  whether  drawn 
in,  or  thrown  out,  produces  but  a  little  noife,  and  affords  but 
weak  lights  ;  but  all  this  is  effected  with  fuch  rapidity,  that  a 
great  quantity  of  fire  is  really  thrown  out,  or  drawn,  in  a  very 
fhort  trad  of  time. 

14.  I  fay,  weak  lights,  and  fuch  they  are  if  we  confider  the 
much  lefs  vivacity  of  the  fparks.  Befides,  the  light  which  appears 
above  a  wanting  point,  that  draws  in  the  fire,  is  of  a  fmall  bulk, 
fo  that  I  exprefs  it  by  the  name  of  little  Jlar  ;  but  the  light  emitted 
by  a  fuperabounding  point  from  which  the  fire  fparkles  out,  is  much 
larger,  confequently  I  call  it,  the  brujh.  And  I  have  made  ufe  of 
fuch  a  difference  between  the  eleCtric  lights,  in  order  to  divide  the 
fuperabounding  bodies  which  throw  out  the  eleCtric  fire,  and  which 
I  call  electrified  per  exceffwn,  from  the  wanting  bodies  which  draw 
it  in,  and  which  I  call  electrified  per  defeffium .  But  of  this  I  fhall 
treat  more  at  large  when  I  give  the  demonfiration  of  the  theory, 
of  which  this  is  only  a  compendium.. 

15.  In  order  to  continue  this  compendium,  it  is  now  nece/fary 
to  explain  what  are  the  ref  fiances  which  I  have  mentioned,  that 
prevent  the  eleCtrical  fire  from  diffufing  itfelf  to  an  equality,  and 
ftop  and  keep  it  in  a  fiate  of  inccquilibr iunu 

ìó.  Now,  experience  has  fhewn,*that  the  eleCtrical  fire,  though 
univerfally  diffufed  in  all  bodies,  has  not  the  fame  mobility  in  all. 
In  metallic  bodies,  the  eleCtrical  fire  moves  itfelf  with  the  greateft 
facility  and  freedom  ;  fo  that  if  the  fmallefi  quantity  of  it  is  added 
to  a  part  of  a  metallic  body,  it  immediately  diffufes  itfelf  to  an 
equality  throughout  the  whole  fubfiance  of  the  laid  body,  and  there 
refults  an  increafe  in  the  denfity  of  the  electrical  fire,  proportioned 
to  the  quantity  that  has  been  added,  direClly,  and  the  capacity  of  the 
body,  inverfely.  Likewife,  if  any  quantity  of  fire  be  taken  from  a 
part  of  a  metallic  body,  the  remaining  fire  direClly  diffufes  itfelf  to 
all  parts  of  the  fubfiance  ;  and  there  refults  a  diminution  in  the 
denfity  of  the  fire,  proportioned  to  the  fubtra&ed  part,  direClly, 
and  the  capacity  of  the  body,  inverfely.  It  is  chiefly  in  con- 
fequence  of  fuch  a  propriety  that  metallic  bodies  are  called  con 
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dufiors  or  deferent  ;  and  indeed  they  are  fo  to  fuch  a  degree  only 
as  long  as  they  actually  keep  their  metallic  form. 

17.  Next  to  metallic  bodies,  fuch  liquids  as  are  lean  and  not 
inflammable,  are  conductors,  though  in  a  much  lefs  perfeCt  degree  : 
and  confequently  animals,  plants,  which  all  abound  with  the 
faid  liquids,  and  other  bodies  that  attract  and  retain  the  fame,  are 
capable  of  conducting  likewife  j  and,  indeed,  the  lefs  thefe  bodies 
have  of  moifture  in  themfelves,  the  lefs  they  poflefs  the  power  of 
conducting.  EleCtrofcopes  may  ferve  as  an  example,  which 
in  very  dry  weather  move  but  very  flowly,  becaufe  the  elec¬ 
trical  fire  can  then  have  but  a  retarded  motion  through  their 
dried  fibres. 

18.  Hence,  a  mixture,  whether  natural  or  artificial,  of  humid 
particles,  and  alfo  a  mixture  of  metallic  particles,  renders  bodies 
capable  of  conducting  in  any  proportional  degree.  Walls,  the 
ground,  bricks,  flones  of  a  porous  nature,  are  deferent  only  in 
confequence  of  either  of  thofe  two  caufes,  or  of  both.  We  lhall 
fee  how  lightning  choofes  out  in  its  way  fome  particular  flqnes, 
only  in  confequence  of  their  being  of  a  particularly  metallic 
nature. 

19.  However,  it  muft  be  confefled,  that  there  are  fome  forts  of 
bodies  which  are  in  fome  degree  defer  ent^  and  which,  neverthelefs,. 
are  not  indebted  for  that  their  propriety  to  any  moift  or  metallic 
particles  they  have  within  themfelves  :  fuch  undoubtedly  are  char¬ 
coal,  and  any  glafs  recently  taken  from  the  furnace,  as  Dr.  Prieflley 
has  demonftrated  in  his  valuable  Hiflory  of  EleCtricity,  printed  in 
London,  6cc.  1767. 

20.  In  ftiort,  it  appears,  that  in  this  cafe  likewife,  nature  pro¬ 
ceeds  by  a  gradual  feries  :  and  indeed  there  are  bodies  which  from 
the  greatefl  degree  of  deferency  or  conduct ivenefs,  gradually  defcend 
to  the  fmalleft  ;  and  the  two  extremities,  of  bodies  perfectly  de¬ 
ferent,  and  of  bodies  perfectly  infulating ,  may  be  faid  to  join. 

21.  Among  infulating  bodies,  air,  to  the  mortification  of  rea- 
foners,  and  the  no  finali  trouble  of  experiment- makers,  muft  be 
ranked  firfl:  ;  w7hich,  however  rare,  actually  flops  the  eleCtrical  fire, 
that  runs  with  fo  much  eafe  and  celerity  through  the  molt  compaCt 
metals.  Air,  therefore,  is  in  its  nature  infulating  ;  and  it  being 
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every  where  plentifully  diffufed,  fupplies,  in  experiments,  the 
greatefl  part  of  the  infulation ,  fince  it  is  fufficient  to  fufpend  in  the 
air  with  infulating  firings,  or  raife  with  infulating  fupports,  the 
conducing  body,  to  have  it  completely  infulated. 

22.  Therefore,  fince  the  electrical  fire  can  run  wherever  it  finds 
any  moifture,  air  (and  the  fame  muft  be  underftood  of  all  Other 
reprejjing  bodies)  will  be  able  to  infulate,  but  only  in  proportion 
as  it  is  dry.  This  is  an  obfervation  of  which  I  cannot  remind  too 
much  thofe  who  might  pretend  to  fucceed  in  all  feafons,  and 
even  in  all  places,  in  experiments  of  a  delicate  nature.  I  beg 
leave  to  introduce  here  an  example  :  in  the  bottom  of  the 
eleCtric  well*,  an  infulated  body  contracts  no  electricity  ;  but  if 
I  only  breathe  in  the  well,  the  fame  body  will  contract  a  degree 
of  eleCtricity. 

23.  Experiments,  indeed,  may  be  made  in  fpite  of  the  weather, 
in  an  air  artificially  warmed  and  dried;  but  if  fuch  an  air  remains 
entirely  clofe,  the  tranfpiration  of  the  perfons  in  the  room,  inde¬ 
pendently  of  the  vapours  from  the  fire,  will  be  enough  to  render 
it  in  fome  degree  damp  :  if  it  circulates,  then  the  heat  will  indeed 
leflen,  but  not  annihilate  the  damp  vapours.  Confequently,  fuch 
experiments  only  may  be  attempted  as  do  not  require  an  exaCt 
infulation,  nor  the  utmoft  intenfity  of  eleCtricity. 

24.  Now  to  refume  our  enumeration  ;  among  bodies  naturally 
infulating,  I  principally  reckon  the  various  fpecies  of  fulphur,  and 
generally  all  refins  that  are  not  foluble  in  water,  and  do  not  attraCl 
it,  as  other  bodies  do. 

25.  But  for  this  fame  reafon,  and  for  their  fuperior  folidity,  as 
well  as  figurability,  I  give  the  preference  to  woods  that,  with  the 
help  of  art,  are  rendered  capable  of  infulating,  by  being  dried  at 
feveral  times  in  an  oven,  and  at  every  time  anointed  with  oil  of  lin- 
feed,  fo  that  there  refults  from  it  a  varnifh  clofe  enough  to  pre¬ 
clude  any  entrance  to  exterior  moifiure.  Thefe  I  call  oiled  woods. 

26.  Befides,  there  are,  if  they  might  be  kept  free  from  damp- 
nefs,  feveral  other  bodies  very  ufeful  for  infulating.  In  order  to 
infulate  by  fufp  ending  them,  fmall  cords  of  wool  are  very  convenient, 
and  much  more  thofe  of  the  beft  fort  of  filk,  which  are  not  impreg- 

*  The  experiment  of  the  ele&ric  well  is  defcribed  in  the  paragraph,  442. 

nated 


* 


ARTIFICIAL  ELECTRICITY. 


7 

nated  with  falts  that  may  attracft  dampnefs,  as  for  inftance  are 
thofe  dyed  black. 

27.  In  order  to  infulate  bodies  by  raifing  them,  the  various  forts 
of  cryftal,  and  glafs  of  all  kinds,  are  made  ufe  of.  I  (hall  take  this 
occafion  to  obferve,  that  metals  very  pofiibly  owe  to  their  phlogiftic 
their  propriety  of  conducing,  fince  by  vitrifying  them,  that  is,  by 
taking  from  them  their  phlogiftic,  they  become  capable  of  inflat¬ 
ing  -,  and  by  bringing  them  back  to  their  metallic  form,  that  is, 
by  rendering  them  their  phlogiftic,  they  are  again  made  capable  of 
conducting.  But  with  regard  to  fpirits,  for  inftance  the  fpirit  of 
wine,  it  appears,  that  their  phlogiftic  ferves,  on  the  contrary,  to 
render  them  capable  of  inflating. 

28.  Precious  (tones  can  alfo  infulate  •  but  are  not  made  ufe  of 
on  account  of  their  fmallnefs.  The  excremental  parts  of  animals, 
hair,  feathers,  nails,  horns,  when  freed  from  moifture,  can 
likewife  infulate,  as  well  as  the  fibrofe  parts  of  animals  and  plants, 
which,  as  we  obferved  before  of  wood,  become  capable  of  inf¬ 
lating  whenever  they  are  rendered  f  fficiently  dry  ;  and  that  they 
may  conftantly  keep  fo,  it  will  fuffice  to  varnifh  them  in  any  man¬ 
ner  you  pleafe,  as  we  have  faid  of  wood. 

29.  But  this  divifion  between  infulating  and  conducing  bodies, 
will  bring  on  another,  which  (hews  what  fort  of  bodies  are  capable 
of  unbalancing  the  electrical  fire,  and  diffufing,  if  I  am  allowed  the 
expreffion,  its  incequilibrium  ;  and,  befides,  in  what  manner  they 
can  effeCt  this,  which  indeed  is  the  principle  of  all  the  electrical 
phenomena.  In  (hort,  the  rubbing  of  infulating  bodies,  or  bodies 
eleBric  per  fe ,  againft  conducting  or  non-eleBric  bodies,  is,  till  now, 
almoft  the  foie  means  that  we  know  of  tranlporting  the  electrical 
fire  from  one  body  into  another,  and  putting  it  out  of  its  natural 
asquilibrium. 

30.  I  fay,  the  almoft  foie  means  ;  becaufe  the  precious  (tone 
known  by  the  name  of  tourmalin,  is  electrified  without  any  other 
operation  but  the  heating  it,  and  letting  it  cool.  That  fort  of  done 
is  formed  of  finali  long-fhaped  cryftals,  which,  being  united  length¬ 
ways,  make  it  terminate  in  a  round  fhape,  with  re&angular  fides, 
difpofed  in  angles,  fome  pointing  outwards,  others  inwards.  Thole 
of  this  fort  of  gems  which  come  from  the  Eaft-Indies,  and  efpe- 
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dally  from  the  ifle  of  Ceylon,  are  of  a  brown  dark  red  colour,  which 
inclines  to  the  colour  of  coffee  :  thofe  which  come  from  South 
America,  are  of  the  fame  colour  with  the  ruby,  or  paler  ;  fometimes 
of  an  orange  colour,  or  even  greenifh. 

31.  Thofe  gems  are  the  only  kinds  of  body  that  may  be  electri¬ 
fied,  as  far  as  experience  informs  us,  by  the  foie  increafe  or  decreafe 
of  their  heat.  Therefore,  though  philofophers  have  generally  af- 
ferted  that  fulphurs,  refins,  and  mixtures  made  of  them,  may  be 
electrified  by  heating,  or  melting  them,  and,  if  carefully  kept, 
will  retain  for  years  their  electricity,  yet  I  think  I  have  found 
the  untruth  of  fuch  an  opinion,  and  the  reafon  that  has  caufed  it 
to  be  univerfally  received.  This  is,  that  the  fmallefl  pofiible  fric¬ 
tion  is  fufficient  to  excite  a  degree  of  electricity,  in  fuch  bodies  as 
have  been  carefully  dried:  in  moving  the  vafe  in  which  they  were 
melted,  in  taking  them  out  of  it,  in  unfolding  the  paper  in  which 
they  were  kept,  or  even  in  placing  them  upon  a  table,  it  is  next  to 
impoflible  to  avoid  any  fmall  friction,  fufficient  to  lead  into  a 
miftake.  But  if  you  take  one  end  of  a  flick  of  fealing-wax,  of 
fulphur,  &c.  and  heat  it  in  any  degree,  and  then  let  it  cool,  hold¬ 
ing  it  all  the  while  by  the  fame  end,  and  taking  care  not  to  handle 
it  otherwife,  or  let  it  touch  any  other  body,  you  will  find  your- 
felf  abfolutely  unable  to  draw  with  it  the  fmallefl  hair,  or 
thread  ;  but  whenever  the  llick  has  been  in  contaCl  with  any  other 
body,  it  will  immediately  attrad  them. 

32.  It  is  true,  that  in  cutting  with  a  knife  lumps  of  fulphur,  or 
fealing-wax,  in  order  to  give  them  a  round  fhape,  I  find  that 
they  become  electrified  ;  but  I  do  not  take  this  to  be  in  the  leaf!  a 
new  way  of  exciting  the  eleCtrical  fire  :  a  knife  does  not  feparate 
the  prominent  parts  of  a  body,  but  by  fcraping  and  rubbing  the 
inferior  ones  ;  therefore,  in  this  cafe  likewife,  electricity  is  excited 
by  friction. 

33.  Proceeding  farther,  I  will  fay,  that  electricity  is  excited  by 
the  friClion  of  an  infulating,  or  per J'e  eleclric  body;  efpecially  when 
this  friClion  is  made  with  a  deferent  or  conducting  body.  With 
regard  to  thefe  we  may  oblerve,  that  two  infulating  bodies  may 
very  well,  when  rubbed  againfl  each  other,  excite  electricity  ;  but 
in  order  to  render  it  continued,  the  infulating  body  with  which 
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the  fri&ion  is  made,  mud  have  very  near  it  a  conducting  body,  m- 
ceflantly  to  fupply  it  with  what  fire  the  rubbed  infulating  body 
takes  from  it  ;  or  inceflafttly  to  receive  and  diffufe  away  the  fire 
which  the  fame  communicates  to  it. 

34.  As  to  the  friction  of  two  conducting  bodies  with  one  another, 
it  is  an  undoubted  faCt,  that  it  cannot  produce  the  lead  electricity. 
I  have  often,  being  placed  upon  an  infulated  ftool,  rubbed,  fcraped, 
or  fawed  balls  or  cubes  of  various  metals,  and  there  never  refulted 
the  lead  figns  of  electricity,  as  would  undoubtedly  have  been 
the  cafe,  if  eleClrical  figns  proceeded  from  either  an  abfolute  aug¬ 
mentation,  or  an  abfolute  diminution  of  the  eleCfrical  fire,  and  not 
.  from  a  fimple  tranflation  of  the  fame,  from  one  body  to  another. 
According  to  fuch  an  hypothefis,  there  would  have  refulted  either 
an  excefs,  or  deficiency  in  the  ball,  or  in  the  ftool,  or  in  my  body  ; 
but  the  truth  was,  that  the  fire  that  was  tranfported  by  any  friction 
whatfoever,  from  the  one  to  the  other,  inftantly  flowed  back  to  its 
former  place. 

35.  After  all,  it  appears  that  infulating  bodies,  at  lead  mod  of 
them,  require  to  be  rubbed  with  conducting  bodies.  I  have  im- 
merfed  in  fome  quickfilver  contained  in  a  deep,  narrow,  femicircular 
box  of  oiled  wood,  the  plate  of  glafs,  which  I  now  ufe  in  my  ap¬ 
paratus  inftead  of  a  globe,  or  cylinder  ;  and  having  this  plate 
turned  round  as  1  ufe  to  do*  in  that  highly  conducting  fluid  (which 
communicated  with  the  floor  through  an  iron  wire)  it  afforded  me 
a  very  Arong  eleCtricity  ;  to  which  I  mud  add,  that  I  could  not 
move  it  but  flowly,  for  fear  of  making  the  mercury  leap  out  of 
the  box. 

36.  This  is  an  inconveniency  to  which  the  excellent  rubbing 
amalgam,  advifed  by  Mr.  Canton,  in  the  52d  volume  of  the  Phi- 
lofophical  Tranflations,  is  not  liable.  Upon  a  filk  cloth,  covered 
with  wax,  a  little  amalgam  muft  be  fpread,  made  of  mercury  and 
tin,  powdered  with  chalk;  upon  this  the  friCiiion  is  to  be  made: 
that  cloth,  thus  prepared,  is  extremely  ufeful  for  rubbing  a  tube 
of  glafs,  or  an  oiled  dick;  when  it  is  applied  to  cufhions,  it  ren¬ 
ders  them  extremely  proper  for  rubbing  the  globes  and  plates,  ufed 
in  the  ordinary  complete  apparatus,  which  I  am  now  going  to 
deferibe. 
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37.  But  I  {hall  firfl  give  a  fummary  idea  of  the  apparatus  itfelf, 
and  of  the  theory  of  their  functions,  by  relating  an  experiment 
which  is  the  fame  with  which  Dr.  Franklin  originally  explained 
the  faid  theory.  There  are  three  perfons  A,  B,  C  :  the  two  per- 
fons  A,  B,  hand  infulated  upon  two  {tools,  armed  with  fupports 
of  glafs  (Tab.  I.  fig.  4.')  the  perfon  C  hands  upon  the  floor,  in  the 
middle  of  the  two  infulated  perfons.  The  perfon  A  rubs  a  tube 
of  glafs  and  prefents  it  to  the  perfon  B,  who  reciprocally  prefents 
to  him  a  point.  This  is  the  whole  of  the  operation  through  which 
the  tube,  and  the  two  perfons  become  eledrified  :  let  us  now  fee 
which  wav  this  is  effeded.  1.  The  rubbed  tube  takes  the  fire 

*  from  the  rubbing  perfon  A.  2.  The  rubbed  tube,  prefented  to  the 
perfon  B,  imparts  to  him  the  fire  it  has  taken  from  the  perfon  A  : 
and  thus,  there  refults  an  eled ricity  per  deficiency ,  or  negative  elec¬ 
tricity  in  A  ;  and  an  eledricity  per  excefis ,  or  pofitive  eledricity,  in 
the  perfon  B.  A  can  receive  fire  from. C,  who  hands  on  the  floor 
and  has  the  fame  natural  proportion  of  fire  with  it,  or  from  R, 
who  has  a  far  greater  proportion  ;  B  can  impart  fome  of  his  fire  to 
C,  who  has  but  the  natural  quantity,  or  to  A,  who  has  fill  lefs. 

38.  If  the  perfon  A  rubs  an  oiled  flick,  the  flick  will  depofit  its 
fire  into  the  perfon  A;  and  the  fame,  being  prefented  to  the  point 
held  by  the  perfon  B,  will  draw  from  him  his  natural  fire  :  A  will 
be  electrified  pofitively;  B  negatively. 

39.  But  in  fuch  an  experiment  the  tube  will  draw  but  little  fire 
from  the  body  of  the  eledrified  perfon  A,  when  infulated  ;  and  there¬ 
fore  will  alfo  impart  lefs  of  the  lame  to  the  perfon  B.  Likewife  the 
oiled  flick  will  give  but  little  fire  to  the  perfon  A  ;  and  conlequently 
extract  lefs  from  the  perfon  B.  But  if  A  comes  to  communicate 
with  the  perfon  C,  then  the  tube  becomes  enabled  to  draw  a.  much 
greater  quantity  of  fire  from  the  much  larger  capacity  of  the  floor; 
t!Kn  likewife,  the  oiled  flick  will  have  room  to  dififufe  away  more 
of  its  own  fire  :  hence  the  tube,  or  the  flick,  will  be  able  to  create 
in  the  perfon  B  a  greater,  either  excefis ,  or  deficiency. 
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CHAP.  II. 

On  the  electrical  apparatus . 

40.  A  N  infulating,  ox  per  fe  eleCiric  body,  and  two  conducting 
jTjl  bodies,  therefore  conflitute  an  eleCtrical  apparatus  :  viz. 
an  infulating  body  which  is  to  be  rubbed  by  a  conducting  body, 
and  have  a  communication  through  its  rubbed  part  with  another 
conducting  body  ;  and  two  conducting  bodies  that  may  be  in- 
fulated  at  pleafure,  either  one,  or  both  of  them.  And  fuch  an 
apparatus  will  be  the  more  perfect  as  its  fize  and  exactnefs  taken 
together,  are  greater. 

41.  Here  follows  the  defeription  of  the  apparatus  I  make  ufe  of. 

1.  In  T  S,  between  two  poles  an  infulating  body  is  to  befitted, 
which  in  the  cafe  of  the  figure  PI.  I.  Fig.  1.  is  a  cylinder  of  glafs. 

2.  The  frame,  made  of  little  beams,  and  boards,  ABCDMNOIK, 

is  deftined  to  fupport,  firft  the  infulating  body  T  S,  then  the  wheel 
R,  and  laflly  it  mufl  be  able  to  receive  in  M,  the  man  who  turns 
the  wheel,  and  him  who  rubs  the  cylinder.  As  thefe  bodies,  that 
is  the  frame  of  wood,  and  the  man  who  turns  the  wheel,  all  com¬ 
municate  with  the  man  who  rubs,  and  may,  all  together,  be  in- 
fulated  at  once,  they  may  be  faid  to  belong  to  the  rubbing  conduct¬ 
ing  body  'y  and  I  comprehend  their  whole  a/Temblage  under  the 
name  of  the  Machine .  3.  Laftly,  the  hollow  tube  of  brafs  Y , 

twelve  feet  long,  and  a  foot  in  breadth,  which  has  one  of  its  ends 
fhaped  like  a  hemifphere,  and  with  the  other  terminating  in  a 
conic  point,  ftands  in  c  near  the  equator  of  the  rubbed  cylinder, 
is  the  other  deferent,  or  conducting  body,  in  which  the  rubbed  cy¬ 
linder  is  to  diffufe  the  eleCtrical  fire  which  it  draws  by  the  effeCt  of 
the  friction,  (the  property  of  glafs  is  to  draw  fire)  from  the  man 
that  rubs,  cr  from  the  machine,  or  through  it,  from  the  floor. 
This  deferent  body,  of  which  the  form  and  fize  may  be  varied  at 
pleafure,  is,  indeed,  ufually  called  the  prime  conductor  ;  however, 
whatever  change  may  have  been  introduced  lince  in  the  thing  itfelf, 

I  fhall  retain  the  old  name  of  it,  and  call  it  the  Chain  ;  the  firfl 
perfons  who  made  eleCtrical  experiments  having  commonly  ufed  a 
metallic  chain. 
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42.  This  is  the  who!e  of  the  apparatus,  let  us  now  defcriber 
more  exactly  its  parts  :  I  diali  begin  with  the  machine.  Firft  of. 
all,  the  materials  that  compofe  it  mud  have  a  certain  folidity,  that, 
it  may  be  kept  from  being  agitated  and  fhaken  by  any  motion, 
however  quick  of  the  wheel. 

43.  Secondly,  the  whole  body,  of  the  machine,  and  the  men  who 
belong  to  it,  mud  be  able  to  be  infulated,  that  experiments  may 
be  made  on  the  negative  eledricity,  which  the  friction  of  the  glafs. 
will  create  in  the  aggregation  of  bodies  that  compofe  the  machine 
when  it  is  thus  infulated.  Supports,  or  little  columns  of  folid. 
glafs,  have  appeared  to  me  extremely  fit  for  that  purpofe  :  they 
have  but  a  fmall  furface,  which  confequently  can  draw  but  little 
moidure,  and  the  poi i flu  of  the  furface  makes  even  fuch  moidure 
to  be  very  eafily  wiped  off  with  a  warm  cloth:  fmall  columns 
of  oiled  wood  would  not  be  folid  enough,  or  at  lead  would  (hake.. 
It  only  remains  now  drongly  to  unite  the  columns  to  the 
machine,  and  to  the  floor.  In  order  to  effedt  this,  it  is  neceflary 
fird,  to  make  the  columns  larger  towards  their  head,  which  is  to 
be  inferted  in  the  under  part  of  the  beams;  fecondly,  the  extre¬ 
mity  of  the  beam  mud  be  fawed,  fird  vertically,  and  then  laterally, 
as  may  be  feen  in  H,  fo  that  a  part  of  the  beam  may  be  taken  off. 
Thirdly,  in  the  two  furfaces  of  the  beam,  and  of  the  piece  taken 
from  it  that  have  been  parted,  two  grooves  mud  be  formed, 
which,  when  joined,  form  a  round  hole,  and  are  to  receive  the  head 
of  the  column  of  glafs:  the  latter  mud  be  garniflied  with  leather, 
and  when  it  has  been  inferted  in  the  hole  above,  two  drong  fcrews 
(thofe  in  H  are  reprefented  loofe)  drawn  from  the  oppofite  part  by 
their  females  fcrews,  will  faden  the  whole  with  a  great  folidity. . 
In  order  to  prevent  the  columns  moving  about  on  the  floor,  they 
mud  be  inferted  in  a  little  pededal  of  wmod,  which  by  the  help 
of  three  points  of  iron  will  be  fixed  in  the  floor.  When  I  propofe 
to  make  experiments,  notwithdanding  the  unfavourablenefs  of  the 
weather,  I  ufed  to  furround  each  column  with  two  little  femicir- 
cular  boxes  of  iron,  which,  when  united  around  it,  form  a  circle, 
and  in  thefe  I  put  fome  hot  cinders,  in  order  to  keep  the  column 
dry,  without  rendering  the  air  deferent. 


44.  Thirdly, 
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44.  Thirdly,  the  wheel  mull  be  fo  difpofed  as  to  be  able  to  be- 
Brought  nearer  to  the  cylinder,  or  moved  farther  from  the  fame» 
according  as  the  rope  will  happen  to  be  contracted  in  damp,  or  ex¬ 
tended  in  dry  weather.  To  that  end  ....  but  all  this  will  be 
better  underftood  by  a  fimple  infpedion  of  the  plate  (PI.  I.  Fig.  1.) 
than  by  any  explanation  that  might  be  given  here;  and  any  intel¬ 
ligent  artificer  will,  of  himfelf,  hit  upon  the  properefl  mechanical 
means  to  execute  the  whole  with  exaCtnefs. 

45.  Fourthly,  the  machine  mud  carry  the  cylinder  T  S.  (PI.  I. 
Fig.  1.)  To  that  end,  the  two  flout'  fupporters  I,  K,  are  raifed;- 
they  muft  be  pretty  high,  to  prevent  the  eledlricity  of  the  cylinder 
T  S,  and  of  the  chain  Y,  from  flowing  again  into  the  machine*. 

46.  All  thefe  things  above  belong  to  that  aflemblage  which  we 
have  called  the  machine ;  as  likewile  do  the  two  armatures  of  wood, 
which  are  to  be  adapted  in  T  and  S,  to  the  head  of  the  cylinder,  in 
order  to  fettle  it  upon  the  poles,  and  the  one  of  which  is  to  receive 
around  it  the  rope  of  the  wheel.  Of  thofe  armatures  I  fhall  fpeak- 
as  foon  as  I  have  explained  what  are  the  requifite  qualities  of  the 
cylinder.  The  cylinder  mud  be  chofen  round,  thin,  about  nine  or 
ten  inches  in  diameter,  and  care  mud  be  had  that  it  has  been  an¬ 
nealed.  The  roundnefs  is  neceffary,  to  the  end  that  when  it  has 
been  well  fettled  upon  its  pivots  it  may  touch  the  rubbing  fubdance 
with  all  parts  of  its  furface.  The  thinnefs  of  the  glafs,  which  cir-  - 
cumdance  mud  not  be  to  the  detriment  of  the  neceffary  folidity, 
makes  the  cylinder  to  be  electrified  with  more  facility  and  vivacity  5 
the  greatnefs  of  its  diameter  prevents  its  being  heated  fo  foon  by 
the  fridlion,  becaufe  the  fame  part  does  not  turn  again  to  the  rub¬ 
bing  body  (if  the  velocity  of  the  revolutions  be  kept  condant)  but' 
after  intervals  of  time  that  are  the  longer,  as  the  diameter  of  the 
cylinder  is  larger  ;  the  bignefs  of  the  cylinder  having  moreover  this 
good  effedt  that  the  chain  may  dand  at  a  greater  didance  from  the 
rubbing  body;  and  thus  the  fire  which  it  receives  does  not  flow 
back  into  the  latter.  On  the  other  hand,  as  the  refidance  arifing 
from  the  fridtion  increafes  as  this  is  made  at  a  greater  didance  from 
the  centre  of  motion,  and  likewife,  as  cylinders  of  a  larger  flze  than 
ordinary,  cannot  have  fuch  an  exadt  round  fhape,  it  is  better  to  have 

*  For  the  properefl  manner  of  fattening  them  to  the  machine,  fee  Plate  I.-  Fig  r. 

them.-; 
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them  of  a  middling  diameter.  Laftly,  with  regard  to  cylinders-or 
globes*  made  of  a  glafs  which  has  not  been  annealed,  that  is, 
which  never  pafled  through  an  almoft  infenfible  gradation  from  the 
heat  of  the  furnace,  to  that  of  the  open  air,  I  diali  obferve  that  the 
want  of  a  caution  like  this,  has  appeared  to  me  always  to  be 
the  caufe  of  the  breaking  of  globes  or  cylinders,  (particularly  if 
their  thicknefs  was.  fomewhat  greater  than  ordinary)  and  flying  in 
fhivers,  to  the  danger  of  the  aflembly.  I  always  confidered  thole 
accidents  as  owing  to  a  caufe  analogous  to  that  which  produces  the 
rupture  of  the  Bologna  flafks,  and  of  the  Batavic  drops  :  I  think,  that 
the  fridtion  actuates  the  principle  which  caufes  the  breaking  of  cylin¬ 
ders  or  globes  ;  which  principle  is  no  other  than  the  fire  in  them,  a 
great  quantity  of  which  is  excluded  from  the  exterior  furface,  then 
rapidly  contracted  and  obftruCted.  Now,  as  glafs  which  has 
been  annealed  is  not  fubject  to  break,  1  thought  that  a  fimilar  cau¬ 
tion  would  preferve  either  globes  or  cylinders;  and,  in  faCt,  let  the 
reafon  of  it  be  what  it  will,  none  of  thofe  I  have  got  to  be  thus 
prepared,  has  happened  to  break  in  my  hands. 

47.  Befides  the  danger  of  having  the  cylinder  broken  on  account 
'f  the  rawnefs  of  the  glafs,  there  is  another  danger  which  is  no 
cfs,  that  of  having  it  leap  out  of  the  pivots  on  which  it  revolves. 
To  that  end,  care  has  been  taken  that  the  fupports  I  K  Ihould  be 
lirong,  in  order  to  prevent  their  receding  from  each  other;  the 
fcrews  likewife  have  been  made  thick*,  and  are  immovably  faflened 
with  female  fcrews  :  this  done,  the  only  remaining  care  is  to  infert 
the  point  of  thofe  fcrews  into  fcutcheons  of  metal,  out  of  which 
no  agitation  whatfoever  may  caufe  them  to  efcape.  Such  fcutch¬ 
eons  are  to  be  inferted  in  the  armatures  of  wood  which  are  fitted 
to  the  heads  of  the  cylinder  or  globe,  and  are  befides  faflened  to 
the  laid  armatures  with  three  finali  fcrews,  fixed  through  three 
little  tails  which  come  out  of  the  body  of  the  fcutcheon. 

48.  What  muff  be  the  fhape  of  the  faid  armatures,  and  how  they 
are  to  be  united  to  the  cylinder^  is  fcarce  worth  faying.  They 
mull  be  made  fo  as  to  embrace  a  pretty  large  portion  of  the  head  of 

*  I  prefer  cylinders  only  becaufe  they  are  ufually  of  a  more  exa£t  round  fhape,,  and 
may  at  the  fame  time  be  procured  long  enough  to  allow  the  rubbed  zone  to  remain  at  a 
.falHcicnt  diftance  from  tl?e  armature. of  wood  fitted  to  them. 
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the  cylinder,  or  globe;  either  of  them,  or  both  of  them,  muft  be- 
iides  have  one  or  more  deep  grooves  cut  into  them,  which  are  to 
receive  the  rope  of  the  wheel.  When  I  intend  to  fit  fuch  arma¬ 
tures  to  the  globe  or  cylinder,  I  heat  them,  as  well  as  the  heads  of 
the  latter  ;  within  their  cavity  I  pour  fome  melted  cement  ;  then 
I  apply  them  to  the  warm  heads  of  the  cylinder,  or  globe,  which 
I  fallen,  thus  armed,  between  their  fcrews,  or  pivots.  A  rule 
placed  between  the  two  fupports  I  K  affifis  me  in  fixing  the 
armatures  in  fuch  a  manner  as  to  make  the  cylinder  revolve  with 
exadtnefs,  and  touch,  with  all  the  parts  of  its  rubbed  zone,  the 
body  that  performs  the  fri&ion. 

49.  However,  in  all  that  I  have  hitherto  laid,  concerning  the 
choice  of  either  globes  or  cylinders,  and  the  bell:  way  of  tiling 
them,  my  only  inducement  has  been,  that  I  looked  upon  them,  not- 
withflanding  the  inferior  quality  of  their  glafs,  as  being  ufeful  to 
thofe  who  cannot  procure  the  apparatus  of  a  plate  of  cryltai,  which 
apparatus  is  now  ufed  to  a  much  greater  advantage  than  globes  or 
cylinders.  I  now  make  ufe  of  a  plate  which  is  about  a  foot  in 
diameter,  as  in  A  B  (PI.  I.  Fig.  10.)  it  is  polilhed  like  a  looking 
glafs,  and  very  even,  which  circumftance  may  eafily  be  difcovered 
with  a  rule,  or  with  a  firetched  thread.  The  faid  plate  is  cut 
round,  and  bored  in  the  centre,  fo  that  the  fcrew  D,  which  comes 
out  from  the  wooden  fupport  C  D,  may  pafs  through  it,  and  be  in- 
ferted  in  the  female  fcrew  bored  in  the  other  fupport  F  E  G.  Thefe 
two  fupports  are  armed  like  the  cylinder,  with  their  fcutcheons  of 
metal,  and  are  fettled  in  lieu  of  it  upon  the  fame  pivots,  and  then 
the  rope  of  the  wheel  is  fet  around  the  groove  4,  4,  of  the  wheel 
R.  In  O  P  and  O  P  are  two  rods  of  brafs,  which  from  the  head 
of  the  chain  prelent  their  points  to  the  edges  of  the  plate,  and  are 
fafiened  with  two  filk  firings  to  the  tops  of  the  fupports  I  K. 

50.  I  commonly  rub  the  plate  by  taking  it  between  the  index 
and  the  thumb  of  one  of  my  hands,  or  between  the  mofi  flefhy 
parts  of  both  my  hands,  which,  when  they  happen  to  be  fomewhat 
damp,  prove  excellent  culhions  ;  a  little  moifture  being  almoft  as 
efficacious  as  the  amalgam. 

51.  However,  when  I  propofe  to  continue  the  fridlion  for  a  long 
while,  in  which  cafe  the  plate  contracts  much  heat,  then  I  make 

ufe 
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ufe  of  the  cufhions  1,1.  (PI.  I.  Fig.  io.)  made  of  Turky  leather, 
fluffed  with  bits  of  cloth,  and  well  rubbed  with  the  amalgam. 
They  are  fattened  on  two  little  boards  of  oiled  wood,  L  M,  L  M, 
and  from  the  faid  cushions  proceed  leverai  wires  of  iron  which  join 
the  bodies  from  which  I  intend  to  draw  electrical  fire  :  this  apparatus 
will  be  found  very  convenient  for  charging  glaffes.  The  two  little 
boards  L  M,  L  M,  are  infertcd  into  the  table  N  N,  which  is  fatt¬ 
ened  with  fcrews  to  the  beam  (Fig.  i.)  The  fpring  R,  ferves 
to  make  the  cufhions  prefs  gently  againtt  the  plate. 

52.  Whenever  globes  or  cylinders  have  contracted  any  confider- 
able  dampncfs,  it  is  impoffible  to  prevent  the  fire  from  diffufing  itfelf 
from  the  rubbed  zone,  into  the  lateral  armatures  ;  and  if  the  damp- 
nefs  lies  in  the  infide  of  the  globe,  it  is  no  eafy  talk  to  take  it 
out;  but  a  plate,  on  the  contrary,  is  very  eafily  dried  :  befides,  by 
its  being  rubbed  on  both  its  furfaces,  it  furnifhes  a  double  quantity 
of  ele&ric  fire,  though  we  mutt:  ohferve  that  the  refittance  from  the 
fridion  becomes  likewife  double.  There  are  fonie  perfons  who  uie 
to  rub  the  plate  on  two  oppofite  parts  of  it,  w'ith  two  pair  of 
cufhions  ;  but  this  contrivance  produces  the  two  bad  effeCts  of  dou¬ 
bling  the  refidance  arifing  from  the  revolving  of  the  plate,  and  of 
Seating  it  much  fooner.  Other  perfons  adjutt  to  one  common  axis, 
two,  three,  or  even  four  plates  of  glafs  ;  and  to  each  of  them  fepa- 
rate  cufhions.  Surely,  if  no  inconveniency  arofe  from  employing 
fuch  a  fuperior  force  as  becomes  neceffary  for  furmounting  the  re¬ 
finance  from  thofe  multiplied  frictions,  it  cannot  be  difputed  but 
a  given  fum  of  eleCtricity  will  thus  be  obtained  in  a  time  that  will 
be  proportionately  fhorter  ;  or  a  much  larger  fum  of  eleCtricity  in  a 
given  time.  On  the  other  hand,  however,  it  will  be  difficult  to 
make  every  one  of  thofe  many  plates  retain  fo  well  its  fire  as  one 
will  do;  and  it  will  be  enough  that  one  of  them  be  not  exactly  in- 
fulated,  to  have  the  effeCt  of  all  vanifh  to  nothing  ;  befides  it  will 
be  likewife  very  difficult  to  fit  the  rubbing  bodies  with  a  fame  de¬ 
gree  of  exaCtnefs  to  every  one  of  the  plates  as  to  one  alone. 

<^3.  Many  perfons  reduce  thofe  larger  apparatus  of  one  or  more 
plates  of  glafs,  to  two  fupports  that  come  out  of  a  piece  of  board  ; 
upon  thefe  two  fupports  they  fettle  the  axis  of  one  or  more  plates, 
which  revolve  by  the  help  of  a  handle;  and  they  adjutt:  upon 

this 
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upon  that  fame  piece  of  boards  the  two  cushions,  and  fallen  it 
with  fcrews  to  a  table.  To  lay  the  truth,  thole  machines  of  fo 
fmall  a  bulk  are  extremely  convenient,  and  eafy  to  be  tranfported 
about;  but  it  is  to  be  wifhed  they  might  be  equally  ferviceable 
and  really  good.  Without  mentioning  the  difficulty  of  finding 
tables  folid  enough  to  faften  upon  them  thofe  apparatus,  and  that 
may  be  kept  firm  and  free  from  agitation,  notwithftanding  the  mo¬ 
tion  of  the  latter;  omitting  likewife  the  inequality  from  the  inter¬ 
rupted  motion  of  the  handle,  I  fhallonlyobferve,  that  in  order  to  obtain 
the  greateft  neceflary  effebt,  a  velocity  is  requifite  much  fuperior 
to  any  one  that  a  handle  is  able  to  communicate  with  a  conftancy: 
I  own,  that  when  the  plate  moves  with  a  degree  of  velocity  that 
exceeds  certain  limits,  then  the  greateft  part  of  its  margin  flies 
from  the  contadi  of  the  cufhions,  which  only  can  touch  it  in  the 
more  prominent  parts  of  its  furface  [it  is  impoffible  to  find  and 
adjuft  a  plate  that  may  have  all  the  parts  of  its  furface  within  the 
fame  plan]  and  have  not  time  to  clofe  again  towards  the  more  de- 
prefled  parts,  and  to  prefs  them;  but,  on  the  other  hand,  we  mult 
confider,  that  whenever  the  plate  leaves  the  cufhions  and  ceafes  to  be 
in  contadi  with  them,  a  part  of  the  fire  gathered  upon  its  furface 
always  gets  back  into  them  (as  we  fhall  prefently  fee),  and  that  por¬ 
tion  of  fire  which  flows  back  thus,  is  the  larger  as  the  plate  moves 
flower  from  the  cufhions  ;  conlequently  a  common  handle  gives 
a  velocity  inferior  to  that  which  is  requifite  for  exciting  either 
in  the  Chain,  or  the  Machine,  the  greateft  effebt  of  the  eledlrici ty  : 
all  this  is  moreover  conformable  to  experience,  which  is  enough 
for  our  purpofe,  let  the  reafon  of  it  be  what  it  will. 

54.  With  regard  to  the  Chain,  or  prime  condubtor,  I  have  nothing 
here  to  add,  except  that  it  mull;  be  of  an  even  polilhed  furface, 
that  it  may  lofe  the  lefs  its  eleblricity.  I  fhall  add  that  I  make 
ufe  of  a  condudlor,  and  Machine  (in  this  I  comprehend,  as  has  been 
obferved  before,  all  the  feveral  pieces  that  belong  to  it)  of  a  con- 
fiderable  furface,  in  order  to  render  fenfible  in  public  the  feveral 
figns  of  their  contrary  eleblricity.  Laflly,  with  regard  to  the  infu- 
lating  of  the  chain,  or  prime  condudlor,  I  ufe  firings  of  organzino, 
difpofed  as  in  f  e,fg ,  ih,  (PI.  I.  Fig.  1.)  and  when  I  am  to  make 
experiments  in  uncertain  weather,  I  fit  to  each  of  the  firings  a  little 
box  of  iron,  filled  with  hot  cinders. 
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C  H  A  P.  III.. 

In  which  is  jhewn  the  truth  of  the  Franklinian  theory ,  from  the  uni - 
• Verfal  conformity  of  the  fame  with  the  extenfive  laws  of  unity,, 
exigence,  non-exiftence,  and  connection,  to  which  the  eleCtrical. 
figns ,  in  the  ordinary  apparatus,  are  f abject,  as  experience 
demonf  rates. 

55.  rrp  HE  efience  of  the  Franklinian  theory  is  this,  ift,  The 
1  eleCtrical  fire  is  diffufed  in  all  bodies  univerfally,  and 
balanced  there  with  itfelf.  2dly,  And  univerfally.  If  the  natural 
proportion  of  eleCtrical  fire  in  bodies  becomes  altered,  this  fire 
fpreads  itfelf  from  the  bodies  in  which  it  is  thus  become  fuper- 
abounding ,  into  thofe  bodies  where  it  is  become  wanting ,  with  a 
force  proportioned  both  to  its  relative  excefs,  and  to  its  abfolute 
denfity  ;  and  in  fuch  pafiage  through  the  refilling  medium,  it 
produces  eleCtrical  figns.  gdly.  And  in  the  ordinary  apparatus, 
the  glafs,  when  rubbed,  draws  from  the  rubbing  Machine  its  na¬ 
tural  eleCtrical  fire  ;  and  in  revolving,  carries  it  to  the  chain,  into 
which  it  difFufes  it,  at  that  place  to  which  it  pafies  neareft. 

56.  I  now  propofe  to  fhew  that  the  experiments  made  with  the 
ordinary  apparatus,  in  whatever  manner  they  may  be  made,  and 
combined  together,  all  agree  with  the  faid  theory  above,  as  do  alfo 
the  general  confequences  or  laws  refulting  from  them  ;  nay,  mani- 
feflly  require  and  claim  this  theory.  And  without  lofs  of  time,  L 
proceed  to  enumerate  thofe  general  and  experimental  laws,  which* 
though  they  might  be  reduced  to  a  lefs  number,  I  fhall,  however, 
as  I  prefer  clearnefs  to  brevity,  carry  to  the  number  of  feven.  The 
firfl,  I  call  it  the  law  of  unity  3  the  fecond,  the  law  of  non-exijience  y, 
the  third,  the  law  of  exifence  ;  the  fourth,  I  fhall  name  it  the  law 
of  connection  y  I  diali  give  the  appellation  of  law  of  proportioned 
diftribution  to  the  fifth  y  of  indication  to  the  fixth  ;  and  lad ly,  I  fhall. 
delign  the  feven th  by  the  name  of  law  of  excitation. 

57.  And  in  order  fuccefiively  to  demonfirate  the  univerfality  of 

all  thefe  laws,  I  (hall  begin  with  that  of  unity  ;  that  is,  I  fiiall  be¬ 
gin  with  fh  owing  that  all  the  vivid  fgns  of  electricity  are  produced 
by  a  fame  identical  eleCtrical fire ,  which  exerts  itfelf  after  a  fame  con¬ 
fi  ant  manner*  58. -In. 
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58.  In  faCt,  a  given  quantity  of  eleCtricity,  either  in  the  Chain, 
or  the  Machine,  is  indifferently  leffened  or  annihilated,  whether  by 
fparks,  or  by  motions,  or  by  a  wind  ;  or  partly  by  Iparks  and 
partly  by  motions  ;  or  partly  by  motions  and  partly  by  a  wind  ;  or 
partly  by  a  wind  and  partly  by  fparks  ;  or  wholly  by  fparks,  or 
wholly  by  motions,  or  wholly  by  a  wind. 

59.  In  every  one  of  thofe  figns  the  electrical  fire  may  be  faid 
really  to  manifeft  itfelf.  If,  Handing  in  the  dark*  I  try  to  leffen  a 
given  quantity  of  eleCtricity  by  the  means  of  a  wind,  I  then  fee  the. 
electrical  fire  fparkle  upon  the  point  from  which  the  wind  blows, 
under  the  fhape  of  a  brufo,  or  a  little Jlar .  If  I  try  to  leffen  the 
eleCtricity  by  the  help  of  the  motion  of  a  light  fufpended  body,  I 
fee  a  little  fpark  Ihine  between  the  Chain  or  the  Machine,  and  the 
little  pendulum  ;  or  between  the  little  pendulum  and  my  finger. 

60.  However,  in  order  to  annihilate  or  fupprefs  a  given  quantity 
of  eleCtricity,  by  the  means  of  figns  of  a  given  kind,  a  greater  num¬ 
ber  of  thefe  is  required  in  proportion  as  a  lefs  quantity  of  the  elec¬ 
trical  fire  is  actuated  and  manifefied  in  every  one  of  them.  Thus» 
in  order  to  fupprefs  a  given  eleCtricity,  a  finglc  fpark,  which  I  ex¬ 
cite  by  prefenting  my  finger  to  the  electrified  body,  may  happen  to 
be  fufficient,  while  one  hundred  vibrations  of  a  fmall  pendulum, 
which  will  excite  perhaps  one  hundred  fparks,  fmall  and  con¬ 
tinually  decreafing,  will  prove  infufficient.  The  wind  will  leffen 
the  fame  eleCtricity  with  a  much  greater  celerity;  but  at  the  fame 
time  a  light  will  take  place,  much  fuperior  to  that  excited  by  the 
pendulum. 

61.  All  that  we  fay  here  with  refpeCt  to  the  destroying  of  leffeli- 
ing  a  given  eleCtricity,  obtains  alfo,  as  we  (hall  fee  after,  with  re¬ 
fpeCt  to  producing  the  fame;  that  is,  w'e  (hall  fee  that  an  eleCtricity 
may  be  produced  by  all  the  abovementioned  figns,  indifferently; 
and  that  a  greater  number  of  thefe  figns  will  be  required,  as  a  lefs 
quantity  of  eleCtrical  fire  will  happen  to  be  manifefied  in  them-. 
Whence  it  plainly  appears  that  fuch  figns  may,  in  all  cafes,  be 
fubfiituted  to  each  other  indifferently,  in  order  either  to  produce 
dr  defiroy  a  given  quantity  of  eleCtricity;  and  that,  whatever  may 
be  the  kind  of  the  fign  which  is  made  ufe  of,  a  given  fum  of  motion 
ill  the  eleCtric  fire  mufi  take  place,  for  producing  the  befired. 
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effect.  Therefore,  we  mud  conclude  that  electrical  figns  are, 
in  all  cafes,  produced  by  an  identical  eleCtrical  fire,  moving  itlelf 
in  a  fame  confiant  manner;  and  in  this  confifis  the  firft  law  of 
unity.  The  abovementioned  figns  are  likewife  fubject  to  the  ge¬ 
neral  laws  expreffed  above,  of  non-exijlence ,  of  exijience ,  connection ., 
&c,  For  the  explanation  of  which  laws  we  have  prepared  the 
way,  in  beginning  with  the  firft. 

Ò2.  To  proceed  therefore  to  the  law  of  non-exijlence  ;  the  firft 
part  of  that  law  is,  that  there  never  are  electrical Jigns  between  two 
parts  oj' one  fame  fyfiem  y  whether  fuch  fy fieni  be  an  indifferent  fyfiem, 
or  one  of  the  two  fyfiems  which  I  call  animated  fyftems.  In  the 
ordinary  apparatus,  I  call  the  glafs  an  animating  j'y fieni  t  becaufe  it 
draws,  when  rubbed,  the  fire  from  the  Machine,  and,  in  revolving, 
carries  it  to  the  Chain,  to  which  it  imparts  it  :  on  account  of  thofe 
functions  it  therefore  may  be  faid  to  animate  the  eleCtricity  in  the 
Machine  negatively,  and  in  the  Chain  pofitively:  I  referve  for  the 
conclufion  to  difcufs  this  fyfiem,  and  fhew  in  what  manner  it  per¬ 
forms  its  functions.  On  the  other  hand,  I  call  animated jyfiems  the 
machine,  and  the  chain  :  as  to  the  floor,  or  bodies  that  communi¬ 
cate  with  it,  I  comprehend  them  under  the  appellation  of  the 
Jl range  or  indifferent  fyfiem. 

63.  That  between  two  parts  of  fuch  indifferent  fyfiem,  no  elec¬ 
trical  figns  ever  are  perceived,  is  a  truth  founded  on  confiant  expe¬ 
rience  :  a  fpark  never  was  feen  to  rife,  or  a  light  to  appear,  between 
the  fingers  of  two  men  who,  communicating  with  the  ground, 
fhook  hands  together.  Such  a  non-exijlence  of  figns  is  a  necefiary 
confequence  of  the  theory  above:  the  eleCtrical  fire  cannot  be  dif- 
fufed  i n  indifferent  bodies  without  being  diffufed  equally  ;  or,  at 
lead,  in  proportion  with  the  refpeClive  eleCtrical  capacities  of  thefe 
bodies  if  they  are  deferent ,  and  communicate  among  themfelves. 

64.  Hence,  perfons  little  ufed  to  eleCtrical  experiments  do'  not 
fail  to  be  afionifhed  when  they  fee  two  men,  both  infulated  and 
communicating  with  the  electrified  Chain,  excite  firong  fparks 
whenever  they  approach  their  fingers  to  fome  firange  body,  while 
they  are  unable  to  excite  the  fmaileft  one  by  prefenting  them  to 
each  other:  or  when  they  fee  them  agitate  fuch  corpufcula  as  are 
preiented  to  them  by  firange  bodies,  and  be  abfolutely  unable  to 
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communicate  any  fuch  agitation  to  any  one  they  may  offer  to 
each  other. 

65.  Indeed  this  non-exijience  of  figns  between  the  various  parts  of 
a  fame  fyflem  after  whatever  manner  it  may  have  been  animated, 
follows  likewife  from  the  fame  theory  :  there  is  no  realon  why  the 
eleClrical  fire  fhould  pafs  from  one  part  of  the  chain  to  the  other, 
while,  through  the  deferency  of  the  fubftance  of  the  latter,  this  fire 
is  equally  diffufed  within  all  its  parts  ;  and  if  fuperabounding  in 
one,  is  neceflarily  balanced  by  an  equal  fuperabundance  in  all  the 
others.  The  fame  may  be  faid  of  the  machine,  however  wanting 
or  defective  in  electrical  fire  it  may  be  3  the  fire  remaining  in  one 
part  is  balanced  by  that  which  alfo  remains  in  the  other. 

66.  It  is  true,  that  if  we  ufe  as  a  Chain,  a  body  made  of  parts 
imperfectly  united,  viz.  a  real  chain  of  iron,  efpecially  if  rufty,  we 
filali  fee  when  this  chain  is  electrified,  or  when  fparks  are  drawn 
from  it,  other  fparks  leap  between  the  links,  where  they  touch  each 
other  imperfeCtly  and  in  few  points  3  but  this  obfervation  only  ferves 
to  fhew  that  the  fuperabounding  fire,  which  in  the  faid  chain  pro¬ 
ceeds  from  the  globe,  endeavours,  conformably  to  the  theory, 
equally  to  fpread  itfelf 3  and  when  effecting  this,  fparkles  at  every 
little  refiftance  it  finds  in  its  way,  and  confequently  at  every  fepa- 
ration  between  the  links  :  this  obfervation  does  by  no  means  confirm 
an  opinion,  that  the  fire  which  is  equally  diffufed  in  a  body  will 
not  move  from  one  part  of  it  to  the  other.  However,  in  order  to 
avoid  this  fee'ming  irregularity,  I  ufe  as  a  Chain  a  conductor  of  a 
perfectly  continued  furface.  Likewife,  I  ufe  for  Machines  an  ag¬ 
gregation  of  bodies,  as  continued  and  as  even  as  can  be  procured,  and 
all  fufficiently  deferent.  I  ufed  at  firft  to  have  the  wood  of  the 
machine  gilt  3  but  1  have  fince  found  it  better  to  clothe  it,  at  lead 
the  more  outward  parts,  with  tin. 

67.  It  mud:  be  added,  that  from  the  fame  fecond  principle,  viz. 

.  that  figns  do  not  exift  between  two  parts  of  a  fame  fyflem,  it  alfo 
follows  that  thefe  figns  will  not  exifl,  neither  between  an  animated 
fyflem,  if  it  is  not  infulated,  and  frange  bodies.  The  reafon  is, 
that  the  animated  fyflem  will,  in  that  cafe,  be  itfelf  one  of  the 
frange  bodies.  Thus  if  the  Chain  communicates  with  the  floor, 
a  certain  quantity  of  fire  will  indeed  diffufe  itfelf  into  it  from  the 
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£lafs  ;  but  then  an  equal  quantity  of  it  will  run  from  the  other  ex¬ 
tremity  of  the  Chain  into  the  floor.  Likewife,  a  quantity  of  fire 
equal  to  that  drawn  by  the  glafs  from  the  machine,  will  be  fup- 
plied  from  the  floor  into  the  fame,  through  that  part  where  their 
mutual  communication  takes  place;  thence  it  follows  that  the  na¬ 
tural  quantity  of  fire  continues  in  the  faid  fyflems,  though  electri¬ 
fied,  provided  they  are  not  infulated.  We  might,  if  it  were  neceflary, 
confirm  that  explication,  by  making  thofe  fyflems  communicate  lefs 
perfectly  with  the  floor,  for  inftance  through  a  well  dried  flaxen 
thread  ;  and  in  fuch  cafe,  we  would  fee  figns  arile  from  fuch  ob- 
flacles  as  the  exceflive  fire  would  then  meet  in  its  way  from  the 
Chain  into  the  floor;  or  the  natural  fire  in  its  way  from  the  floor 
into  the  Machine,  which,  when  the  electricity  is  excited  with  glafs, 
is  in  a  deficient  fiate.  Signs,  indeed,  will  be  perceived  between 
the  Chain  not  infulated,  and  the  Machine  if  infulated  ;  or  between 
the  Machine  not  infulated,  and  the  Chain  if  infulated  ;  but,  in 
inch  cafes,  either  the  Chain,  or  the  Machine,  mufi  be  looked  upon 
as  being  a  part  of  the  floor;  confequently,  fuch  figns  muft  be  com 
fidered  as  figns  between  the  animated  infulated  body,  and  the  in* 
different  fyftem. 

68.  The  other  part  of  the  law  of  non-exiftence  is  that,  if  tuo 
animated  fyflems,  that  is  the  Machine  and  the  Chain ,  communicate  with 
each  other ,  they  manifejl  no  eledlrical 'figns ,  neither  between  themfelves , 
nor  with  regard  to  firange  bodies ,  however  infulated  thefe  two  ani - 
mated  fyflems  may  be.  The  reafon  is,  that  in  fuch  cafe  the  rubbed 
glafs  will  indeed  draw  fome  eleClrical  fire  from  the  Machine,  and 
tranfport  it  into  the  Chain,  but  as  that  fire  is  enabled,  in  confe- 
quence  of  the  communication,  to  run  back  from  the  Chain  into 
the  Machine,  it  can  neither  become  deficient  in  the  one,  nor  excef- 
jive  in  the  other. 

69.  Let  us  proceed  now  to  the  explanation  of  the  third  law, 
which  I  have  named  the  law  of  exflenee.  The  firfl  part  of  it  is, 
that  if  the  Chain  be  infulated ,  and  the  Machine  at  the  fame  time  commu¬ 
nicates  with  the  floor,  perpetual  eie ciric al  figns  wiil  take  place  in  the 
Chain.  Becaufe,  in  fuch  cafe,  the  fire  which  the  glafs  draws  from 
the  Machine,  is  allowed  to  accumulate  itfelf  to  a  certain  degree  in 
the  Chain  ;  and  as  the  Machine  from  which  the  glafs  draws  its  fire 
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by  its  communicating  with  the  ground,  becomes  in  a  manner  a 
part  of  it,  and  has  confequently  an  infinite  eledrical  capacity,  the 
glafs  will  continually  be  lupplied  with  new  fire  from  it  :  therefore 
any  firange  body  that  has  only  its  natural  quantity  of  electrical 
fire,  will  be  able  continually  to  draw  fire  from  the  Chain.  Though 

I  fay  continually,  this  mull:  however  be  underftood  with  the  re- 
ferve  that  fuch  continual  extraction  of  the  fire  does  not  actually 
deftroy  the  accumulation  of  it,  or  the  in  filiation  necefiary  to  it. 

II  I  keep,  for  infiance,  my  finger  at  the  difiance  of  two  thirds  of 
an  inch,  or  an  inch  from  the  chain,  I  diali  obtain  fparks  from  it 
without  end  ;  that  is  to  fay,  as  long  as  the  rubbing  of  the  glafs 
continues,  and  neither  heat,  or  other  accident  difables  it  from  per¬ 
forming  its  fundion.  Thofe  fparks,  however,  will  be  feparated 
from  each  other  by  fuch  an  interval  of  time  as  will  be  requifite  to 
enable  the  glafs  to  tranfport  into  the  condudor,  the  excefi  of  fire 
necefiary  for  furmounting  the  refilling  fpace  of  either  the  two 
thirds  of  an  inch,  or  of  an  inch.  If  after  bringing  your  finger  to  a 
contad  with  the  Chain,  and  keeping  it  united  to  it,  you  pretend  to 
obtain  farther  figns,  it  will  be  a  vain  pretenfion,  fince  you  have 
defiroyed  beforehand  the  necefiary  condition  of  the  exifience  of 
figns,  that  is  the  infulation. 

70.  It  will  not  be  thought  improper  here  to  obferve  that  we  may 
compare  the  firength  of  different  apparatus,  by  holding  a  given 
firange  body  at  a  given  diftance  from  fimilar  parts  of  thefe  appa¬ 
ratus,  as  I  have  done  juft  now  with  my  finger.  According  as  the 
number  of  the  fparks  that  ifiue  in  a  given  time  from  a  given  con¬ 
dudor,  is  greater,  the  fire  fupplied  by  the  glafs  muft  be  concluded 
to  be  more  copious,  and  the  apparatus  to  which  it  belongs  more 
excellent. 

71.  I  muft  add,  that  from  the  preceding  obfervation  we  may 
infer  which  is  the  beft  way  to  obtain  the  greateft  figns,  that  is,  the 
greateft  fparks,  from  a  given  condudor.  When  a  fpark  has  been 
drawn,  the  body  which  drew  it  muft  be  removed,  and  not  approach 
again  till  the  condudor  be  charged  afrefti  to  the  greateft  pofiible 
excels  it  is  capable  to  receive. 

72.  I  he  other  part  of  the  law  of  exigence  regards  the  Machine,, 
and  refembles  the  fir  ft  :  that  is,  if  the  Machine  is  infilateci ,  and  the 

Chaim 


ARTIFICIAL  ELECTRICITY. 


24 

Chain  communicates  with  the  ground there  will  he  perpetual  Jigns  be- 
tween  the  ground  and  the  Machine  ;  the  reafon  is,  becaufe  a  fame 
quantity  as  that  which  the  glafs  draw’s  from  the  Machine,  will  be 
difFufed  through  the  Chain,  which  communicates  with  the  ground, 
into  the  infinite  capacity  of  the  latter:  confequently,  no  fire  will 
be  accumulated  and  forced  back  into  the  Machine  or  the  glafs,  and 
prevent  the  latter  from  extracting  frefh  fire  from  the  Machine;  fo 
that  the  glafs  will  in  fuch  cafe  be  able  to  extract  whatever  fire  may 
remain  in  the  Machine,  and  whatever  quantity  may  at  due  intervals 
of  time  be  difFufed  into  it  (it  being  in  a  wanting  fiate)  from  any 
firange  body  that  has  the  natural  proportion  of  elettrica!  fire. 

73.  Thofe  two  firfi:  parts  of  the  law  of  existence  fuppofed  that 
the  one  of  the  animated  fyftems  communicated  with  the 
ground,  and  from  that  hypothefis  there  mud  refult  a  perpetuity  of 
figns  between  the  other  animated  fyfiem  and  the  ground;  now  the 
third  part  of  this  fame  law  will  fuppofe  that  both  animated  fyfiems 
are  infulated,  and  is  fubdivided  into  tv/o  other  parts,  according 
as  the  figns  are  excited  between  the  faid  fyfiems,  or  either  of  them 
and  firange  bodies. 

74.  Th  erefore,  with  regard  to  the  firfi  cafe  I  fay,  that  if  the  Ma¬ 
chine  and  the  Cham  be  both  of  them  infulated ,  there  will  be  between  them 
perpetual  figns.  I  intuiate  myfelf,  and  with  one  of  my  hands  I 
touch  confiantly  the  infulated  Chain  ;  at  diftant  intervals  of  time  I 
then  prefent  my  other  hand  to  a  perfbn  who  touches  the  infulated 
Machine;  and  the  refult  is,  that  I  am  continually  giving  him  fparks 
after  fparks.  This  is  becaufe  every  fpark  that  I  give  is,  in  fadi,  a 
little  fum  of  fire,  which  the  glafs  can  extradb  anew  from  the  ma¬ 
chine;  the  fame  fire  can  anew  be  accumulated  into  the  Chain  of 
which  I  am  a  part;  and  I  can  diffufe  it  anew  into  the  Machine, 
which  alfo  is  exhaufied  anew. 

75.  Let  us  retain  the  fame  hypothefis,  and  continue  to  fuppofe 
that  the  Chain  and  the  Machine  are  both  infulated  ;  and  inftead  of 
examining,  as  in  the  preceding  cafe,  the  figns  that  take  place  be¬ 
tween  thofe  fyftems,  let  us  confider  the  figns  that  may  arife  be¬ 
tween  one  of  them,  and  ftrange  bodies.  But  here  arifes  another 
fubdivilion,  that  is  to  fay,  the  Machine  and  the  Chain  either  are 
tried  together,  or  are  not:  if  it  be  the  firfi;  cafe,  I  fay,  that  there 
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will  be  perpetual  fgns  between  the  jlrange  bodies  and  the  Chain ,  and 
between  the  jlrange  bodies  and  the  Machine .  In  fad,  if  while  I  try 
the  Chain  with  one  hand,  and  in  confequence  draw  from  it  the  fire 
that  the  glafs  has  tranfported  into  it  from  the  Machine,  I  at  the 
fame  time  try  the  Machine  with  my  other  hand,  I  then 
return  to  the  latter  the  fire  of  which  the  glafs  has  robbed  it  :  I 
alfo  give  to  it  a  quantity  of  fire  ;  which  quantity  the  glafs  will  again 
take  from  it  and  diffufe  into  the  Chain  :  I  then  fhall  always  have 
an  excefs  to  take  from  the  Chain,  or  a  deficiency  to  fupply  in  the 
Machine. 

76.  But  if  the  Machine  and  Chain  continuing  infulated,I  try  only 
one  of  thefe  two  fyflems,  1  then  fiali  only  obtain  very  few  jlgns,  and 
thefe  will  be  proportioned  to  the  capacity  of  the  other  fyftem.  Thus,  if 
I  determine  to  try  the  Chain  alone,  I  finali  only  obtain  one,  two, 
or  at  moil  three  fparks,  and  thofe  continually  decreafing  ;  becaufe 
I  flaall  then  be  able  to  extrad  from  the  infulated  Chain  but  as  much 
fire  as  the  glafs  fhall  have  been  able  to  tranfport  from  the  Machine 
into  it.  Likewife,  if  I  determine  to  try  the  Machine  alone,  I  fhall 
then  produce  only  fome  little  decreafing  fparks;  becaufe  in  this 
cafe  I  diali  not  be  able  to  fend  into  it  but  juft  a  quantity  of  fire 
equal  to  that  which  the  glafs  fhall  have  been  able  to  take  from  it 
and  carry  to  the  Chain. 

77.  Farther,  if  after  having  exhaufted  the  eledricity  of  one  of 
the  animated  fyflems,  I  pafs  to  the  other  and  try  it,  I Jhall  have  the 
Jdme  jigns ,  ft  ill  decreafing ,  but  then  a  greater  fum  of  them ,  that  is,  a 
fum  proportioned  to  the  capacity  of  the  two  fyflems  taken  toge¬ 
ther.  Thus,  if  after  having  exhaufted  firil  the  eledricity  of  the 
infulated  Chain,  I  pafs  to  the  Machine,  1  fhall  then  be  able  to  give 
to  it  a  quantity  of  fire  equal,  both  to  that  which  the  glafs  can  again 
tranfport  from  it  into  the  Chain,  and  to  that  which  is  neceffary  to 
make  up  the  deficiency  introduced  before  into  it.  Likewife,  if 
after  having  deftroyed  fir  ft  the  eledricity  of  the  Machine,  I  pafs  to 
the  Chain,  I  fhall  find  myfelf  able  to  draw  from  it  a  quantity  of  fire 
equal  both  to  the  excefs  already  introduced  in  it,  and  to  the  defi¬ 
ciency  which  the  glafs  can  again  create  in  the  Machine.  Laflly, 
if  both  fyflems  are  alternately  tried,  by  the  fame  reafon,  figns  will 
be  alternately  obtained,  which  will  firft  decreafe,  then  fail  entirely. 

E  78.  In 
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78.  In  repeating  thefe  experiments  I  have  fought  to  increafe  con- 
fiderably  the  capacity  of  either,  or  both  of  the  animated  fyftems, 
by  adding  to  them  a  feries  of  infulated  men  ;  and  I  have  always 
feen  the  confequence  to  be,  that  the  figns  from  the  one  of  the 
fyftems  always  increafed  with  the  increafe  of  the  capacity  of  the 
other;  and  when  I  purfued  the  experiment,  that  the  figns  from  the 
other  fiyftem  increafed  with  the  increafe  of  the  capacity  of  both. 

79.  Indeed  that  law  demonftrates  beyond  a  doubt,  that  in  all 
bodies  a  certain  quantity  of  eledirical fre  is  naturally  di  fifed  ;  and  that 
to  any  body  whatever  a  certain  quantity  of  eledirical  fre  may  be  added. 
A  man  A  is  infulated  in  fuch  a  fituation  that  he  may  with  one  of 
his  arms  reach  the  infulated  Machine;  and  with  a  rod  of  brafs 
which  he  holds  in  the  other,  touch  a  pail  of  water,  or  any  other 
body  alfo  infulated  :  this  done,  after  having  drawn  from  the  Chain 
all  the  fparks  1  can  draw  from  it,  I  bid  the  man  to  touch  the  Ma¬ 
chine  ;  and  the  confequence  is  that  I  then  can  draw  from  the  Chain 
another  fpark,  and  no  more  ;  which  fpark  is  no  other  than  the  fire 
contained  in  the  man  A,  and  which  the  glafs  can  tranfport  from 
him  into  the  Chain,  he  being  become  a  part  of  the  Machine.  I 
make  again  a  fign  to  the  man  to  touch  now  the  pail  of  water  with 
his  rod;  as  the  pail  is  then  become  a  part  of  the  Machine,  I  obtain 
from  the  Chain  another  fpark,  in  confequence  of  the  new  fire  which 
the  glafs  has  extracted  from  the  water,  or  any  other  body  that  may 
have  been  ufed  in  its  Read. 

80.  I  difpofe  things  fo  as  to  have  the  man  A  infulated  in  fuch  a 
manner  that  he  may  touch  on  the  one  hand  the  infulated  Chain, 
on  the  other  the  pail  of  water  or  any  other  infulated  body  ;  then  I 
give  to  the  Machine  the  fire  that  is  neceflary  to  make  up  its  de¬ 
ficiency,  and  till  it  receives  no  more.  But  as  foon  as  the  man 
touches  the  Chain,  then  the  Machine  draws  another  fpark  and  no 
more:  when  the  man  firetches  the  rod  to  the  pail  of  water,  the 
Machine  becomes  again  able  to  receive  from  me  another  fpark,  all 
which  I  explain  thus;  when  the  man  communicates  with  the 
Chain,  the  excefs  of  it  diffufes  itfelf  for  a  part  into  him  ;  and  when 
the  man  introduces  likewife  a  communication  between  the  Cham 
and  the  pail  of  water,  the  excefs  in  both  the  Chain  and  the  man,  is 
again  divided  and  diffuled  into  the  water;  fo  that,  in  thefe  two 
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cafes,  the  glafs  will  be  able  to  draw  from  the  Machine,  and  trans¬ 
port  into  the  Chain,  a  proportionally  larger  quantity  of  fire. 

81.  All  the  le  things,  on  which  I  have  hitherto  pretty  much  ex¬ 
patiated,  indeed  comprehend  the  whole  fubftance  of  what  I  am 
going  to  fay  concerning  the  law  that  I  have  called  of  connection  ; 
but  I  think  that  it  will  not  be  deemed  fuperfluous  to  confirm  thofe 
truths  by  confidering  them  under  different  relations,  and  examining 
them  through  other  experiments.  The  law  of  connection  is  there¬ 
fore,  that  abfolute  electrical  figns  leffen  abfolute  eleClrical  Jlgns  oj  the 
fame  name ,  but  increafe  abfolute  electrical  figns  of  a  contrary  name  ; 
and  that  reflective  figns  diminifh  both  refpective  and  abfolute  figns . 
When  I  introduce  the  terms  abfolute  figns,  and  refpective  figns,  I 
have  no  other  reafon  but  to  expofe  the  law  with  lei s  words;  and 
by  the  words  abfolute  figns,  I  mean  thofe  that  are  excited  between 
the  ground,  and  one  of  the  animated  fyftems  :  by  refpective  figns, 
I  mean  thofe  that  are  excited  between  the  two  animated  fyftems. 
Again,  I  call  abfolute  figns  of  a  fame  name ,  thofe  that  are  excited 
between  the  ground  and  the  Chain,  when  they  come  to  be  com* 
pared  with  others  excited  in  the  fame  manner  ;  or  thofe  excited 
between  the  ground  and  the  Machine,  when  compared  with  thofe 
excited  between  the  ground  and  the  Machine.  On  the  other  hand, 
I  call  figns  of  a  contrary  name ,  thofe  that  are  excited  between  the 
ground  and  the  Chain,  with  refpedt  to  thofe  excited  between  the 
ground  and  the  Machine. 

82.  I  exprefs  the  whole  of  the  law  above  by  a  fingle  experiment: 
I  adapt  two  very  lenfible  ele&rofcopes,  the  one  to  the  Chain,  the 
other  to  the  Machine,  which,  as  the  law  exprefies  it,  mull:  be  both 
infulated.  I  fay,  two  very  lenfible  éleCtrefcopes,  becaufe  if  they 
are  made  as  ufual,  of  thread,  though  they  are  ever  fo  mobile  on 
account  of  their  lightnefs,  however  in  dry  weather  they  Hand 
almoft  without  motion,  and  inftead  of  moving  towards  each  other 
when  I  leffen  the  electricity  which  they  are  deftined  to  indicate, 
they  continue  to  recede  from  each  other  :  the  reafon  of  this  is, 
that  their  electricity  does  not  by  any  means  keep  pace  in  its  de- 
creafe  with  the  electricity  in  the  Chain,  owing  to  their  being  in 
a  great  degree  inlulated  from  the  drynefs  of  the  weather;  which 
circumftance  makes  them  to  manifeft  the  decreafe  of  the  eleCtri- 
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city  either  in  the  Chain  or  the  Machine,  but  after  an  interval  of 
time  proportioned  to  the  difficulty  they  find  in  difiipating  their 
own.  Therefore,  in  that  cafe  and  others  of  the  fame  kind,  infiead 
of  the  threads  and  balls,  I  uiè  two  firipes  of  tinfoil,  two  or  three 
inches  long,  and  two  lines  wide,  which  are  fixed  to  a  band  of  gilt 
paper,  and  thus  hang  contiguous  and  parallel  to  each  other. 

83.  And  to  proceed  to  the  experiment  itfelf.  ift.  I  obferve  that 
as  foon  as  I  draw  a  ipark  from  the  Chain,  the  divergency  of  the 
metallic  ftripe  that  communicates  with  it  leflens,  and  that  ot  thofe 
annexed  to  the  Machine  is  increafed.  2.  When  I  give  fparks  to 
the  Machine,  the  firipes  that  communicate  with  it  lofe  their  di¬ 
vergence  ;  thofe  annexed  to  the  Chain  recover  theirs  :  now,  the 

O  x 

manner  of  the  divergence  of  the  metallic  firipes  (hews  the  kind  of 
the  electricity  of  a  given  lyfiem,  or  otherwife,  what  figns  can  be 
obtained  from  it?  confequently,  we  may  fay  that  the  figns  between 
the  Chain  and  the  ground,  lefien  the  figns  between  that  fame  Chain 
and  the  ground*  and  increafe  thofe  between  the  ground  and  the 
Machine  :  and,  in  the  fame  manner,  the  figns  between  the  Machine 
and  the  ground  lefien  thofe  between  that  farne  Machine  and  the 
ground,  and  increafe  thofe  between  the  ground  and  the  Chain. 
The  reafon  of  all  is  evident,  and  follows  from  what  has  been  faid 
with  refpedt  to  the  laws  exprefied  before  :  to  draw  figns  from  the 
Chain  is  to  diminifh  its  excefs,  and. create  in  the  faid  Chain  a  va¬ 
cancy  in  which  the  glafs  may  again  tranfport  a  quantity  of  natural 
fire  from  the  Machine;  whence  there  refults  in  the  latter  an  addi¬ 
tional  deficiency.  To  create  figns  in  the  Machine,  is  the  fame  as 
to  fupply  it  with  a  new  fire,  which  the  glafs  may  again  tranfport 
into  the  Chain,  there  to  produce  a  new  excefs. 

84.  And,  to  fpeak  the  truth,  we  have  faith  regard  to  deftroying 
homologous  figns  by  one  another,  more  examples  and  confirm¬ 
ations  than  might  be  well  wiffied  for  :  when  perfons  little  conver- 
fant  with  ele&rical  operations  come  to  fee  our  experiments,  being 
in  confequence  the  more  curious  and  eager,  they  handle  every 
thing,  and  take  among  themfelves  fo  much  trouble  that  they  at  lafi 
fee  nothing. 

85.  With  refpedt  to  refpeSHve  figns,  the  truth  of  the  law  is  no 
lefs  beyond  a  doubt.  1  intuiate  myfelf  and  communicate  with  the 
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Chain  ;  at  every  fpark  I  then  give  to  another  perfon  likewife  inf¬ 
lated,  and  communicating  with  theMachine,  thetwo  eledrofcopes, 
that  annexed  to  the  Chain,  and  that  annexed  to  the  Machine,  both 
fall  down  :  a  diminution  therefore  takes  place  then  of  the  figns 
between  the  Chain  and  flrange  bodies,  or  between  ftrange  bodies 
and  the  Machine,  that  is  to  fay,  of  the  abfolute  figns;  and  there 
arifes  likewife  a  diminution  of  the  figns  between  the  Chain  and 
the  Machine,  that  is  to  fay,  of  the  refpedive  figns.  In  fad,  if  in 
the  fame  moment  that  I  give  the  fpark,  the  fridion  of  the  glafs  is 
interrupted,  I  cannot  give  a  frefh  fpark,  or  if  I  ftill  can,  it  will  be 
lefs;  it  is,  therefore,  a  matter  of  truth,  that  if  we  confider  its 
fundion  the  glafs  may  be  faid  to  begin  again  the  circulation  of  the 
fire,  but  it  is  the  refpeftive  figns  that  complete  it. 

C  H  A  P.  IV. 

On  the  law  of  didribution. 

86.  f  '  |  'HOUGH  this  law  is  clofely  conneded  with  the  fub- 
B  fiance  of  thofe  explained  above,  however,  I  will  explain 
it  feparately  in  this  chapter,  as  a  thing  that  ferves  to  prove,  in  a 
particular  manner,  the  conformity  of  the  theory  with  fads  ;  a 
means,  this,  of  attaining  truth  indifpenfible  to  philofophers,  and  the 
bed  guide  they  can  have  for  recovering  it  when  loft.  The  pur¬ 
port  therefore  of  the  law  is-,  that  the  fum  of  any  fort  of  abfolute  elec¬ 
tricity  in  any  two  bodies ,  diftributes  itfelf  in  them  proportionably  to 
their  capacity ,  as  Joon  as  they  come  to  communicate  with  each  other. 
I  {hall  expofe  firft  all  the  particular  cafes  belonging  to  that  law  ; 
then  I  will  proceed  to  (hew,  as  far  as  it  will  relate  to  the  fubjed, 
its  general  and  exad  conformity  with  experiments. 

87.  The  natural  denfity  of  the  eledric  fire,  as  it  is  diffufed  in 
the  ground,  is  the  circumdance  from  which  we  form  our  calcula¬ 
tions  of  the  quantity  of  eledricity  in  bodies.  Bodies  in  which  the 
eledrical  fire  is  equally  denfe  with  that  in  the  ground,  afford  no 
fign  of  eledricity  ;  and  thofe  in  which  it  has  been  rendered  more 
or  lefs  denfe  afford  figns,  or  at  leaft  are  in  a  condition  of  procuring 
them,  whenever  they  (hall  communicate  with  the  ground. 

88.  There- 
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83.  Therefore,  any  fort  of  abfolute  electricity  is  formed  either 
by  an  excefs  of  fire  by  which  the  fire  of  the  given  body  is  more 
denfe  than  that  in  the  ground,  and  is  confequently  called  electricity 
by  excefs  ;  or  by  a  deficiency  of  the  fame,  which  makes  the  fire 
in  the  given  body  to  be  lefs  denfe  than  that  in  the  ground,  and  is 
then  called,  electricity  by  deficiency.  Therefore,  if  we  multiply 
the  excefs  of  denfity  in  a  given  body  relatively  to  that  in  the 
ground,  by  the  capacity  of  the  body  itfelf,  the  produce  will  be  the 
quantity  of  its  ele&ricity  by  excefs,  or  alfo,  the  quantity  by  which 
the  whole  of  its  fire  is  denier  than  that  in  the  ground  :  and  like- 
wife,  if  we  multiply  the  deficiency  of  denfity  in  a  given  body,  re¬ 
latively  to  that  of  the  fire  in  the  ground,  by  the  capacity  of  the 
faid  body,  the  produce  will  be  the  quantity  of  its  eledricity  by 
deficiency,  or  the  quantity  of  the  deficiency  by  which  it  is  lefs 
denfe  than  the  fire  in  the  ground. 

89.  Hence  if  E  exprefles  the  excefs  of  denfity  of  the  fire  in  a 
given  body,  of  the  capacity  A  5  AE  will  exprefs  the  whole  quan¬ 
tity  of  the  exceffive' fire  from  which  refults  the  excefs  of  denfity; 
and  if  S  exprefles  the  capacity  of  the  ground,  the  following 
analogy  will  be  the  confequence  of  the  abovementioned  rule, 

A  +  S  :  A  E  —A  :  — S  :  .  that  is,  as  the  fum  of  the  capacities 

iis  to  the  whole  excefs,  fo  are  the  capacities  of  the  body,  or  of  the 
aground,  to  the  portions  of  the  excefs  that  belong  to  them:  that 
ds  to  fay,  the  portion  of  excefs  that  will  remain  in  A,  will  be 
to  that  portion  which  will  pafs  into  the  ground,  as  A  :  S.  Now, 
as  the  capacity  of  the  body  A  is  infinitely  linall,  relatively  to  the 
capacity  of  the  ground,  all  the  funi  of  the  excefs  A  E  will  pafs 
from  A  into  S,  and  during  fuch  pafiage,  figns  will  be  manifefied, 
which  will  be  proportioned  to  the  whole  above  mentioned  fum  : 

,  -therefore,  that  fum  will  exprefs  the  precife  quantity  of  the 
eledricity. 

90.  Likewife  if  D  exprefles  the  deficiency  of  denfity  in  the  fire 
of  a  given  body  of  a  capacity  B,  B  D  will  exprefs  the  whole  quan¬ 
tity  of  fire  that  forms  the  deficiency  of  denfity  in  A.  And  in  form¬ 
ing  the  fame  analogy  as  above,  we  filiali  fee,  that  the  portion  of 
deficiency  B  D  which  will  remain  in  the  body,  will  be  to  the  portion 
that  will  pafs  into  the  ground  as  B  :  S,  that  is  to  fay,  no  part  of 

the 
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the  deficiency  B  D  will  remain  in  the  body  B,  all  will  pafs  into 
the  ground,  it  being  of  an  infinite  capacity:  or  rather  the  ground 
will  fupply  the  body  with  what  it  is  wanting  of,  fo  that  the  fire 
in  it  may  be  rendered  of  an  equal  denfity  to  that  of  the  fire  in 
the  ground. 

91.  In  Ihort,  when  a  body  having  any  degree  whatever  of  elec¬ 
tricity,  either  per  excefs  A  E,  or  per  deficiency  B  D,  is  made  to 
communicate  with  the  ground,  all  manner  oi  electricity  is  lup- 
prefied  3  the  whole  excefs,  or  the  whole  deficiency  pafies  into  the 
ground  ;  tho’  no  perceivable  eleCtricity  refults  in  the  ground  from 
its  receiving  fuch  finite  quantities  of  eleCtricity  into  its  infinite.  ' 
capacity. 

92.  But  the  fame  does  not  hold  true,  when  a  communication  is 
eftablifhed  between  two  particular  bodies,  which  have,  either  one 
or  both  of  them,  any.  degree  of  abfolute  electricity.  In  this  cafe, 
the  fire  that  is  difiributed  in  both  in  an  unequal  proportion  will, 
indeed,  be  brought  to  an  equal  denfity,  and  the  eleCtrical  figns  from 
the  one  to  the  other  be  fupprefied  ;  but  their  fire  is  not,  for  all 
that,  brought  to  the  fame  degree  of  denfity  with  the  fire  in  the 
ground,  nor  is  confequently  their  abfolute  eleCtricity  defiroyed. 

93.  Therefore,  that  we  may  be  able  to  difcern  in  all  cafes  the 
eleClrical  figns  that  may  take  place  between  any  two  particular  bodies  - 
whatever,  as  well  as  thofe  between  a  particular  body  and  the  ground,  . 
it  is  requifite  to  divide  not  only  the  abfolute,  but  likewife  the  re¬ 
fpeCtive  kinds  of  eleCtricity;  that  is,  thofe  which  may  exift  in  a 
particular  body,  relatively  to  another,  and  which  confifi  of  the 
quantity  of  fire  that  muft  pafs  from,  the  one  into  the  other  for 
bringing  them  to  a  fiate  of  equal  denfity.  Thofe  kinds  of  refpeCtive 
electricity  will  be,  1  fi,  a  refpeCtive  eleCtricity  of  fimple  excefs,  when 
a  particular  body  A,  having  a  degree  of  abfolute  eleCtricity  per  ex¬ 
cels,  is  made  to  communicate  with  another  particular  body  that  has 
no  eleCtricity.  2dly,  RefpeCtive  eleCtricity  of  fimple  deficiency, 
when  a  particular  body  A,  having  a  degree  of  eleCtricity  by  defi¬ 
ciency,  is  brought  into  a  communication  with  another  body  B,  that 
has  no  abfolute  electricity,  3dly,  RefpeCtive  electricity  of  unequal 
excefs,  when  the  communication  is  efiablifhed  between  two  bodies,  . 
having  both  a  degree  of  abfolute  electricity  by  excefs,  but 
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thofe  degrees  are  unequal.  4thly,  Refpective  electricity  of  unequal 
deficiency,  when  the  two  bodies  between  w'hich  the  communi¬ 
cation  is  formed,  are  both  electrified  by  deficiency,  but  in  unequal 
degrees.  5 thly,  Lafily,  refpective  electricity  by  excefs  and  defi¬ 
ciency  together,  when  the  one  of  the  two  bodies  that  are  brought 
to  communicate  together  has  an  abfolute  electricity  by  excefs,  and 
'the  other  by  deficiency. 

94.  The  degree,  whatever  it  may  be,  of  each  of  thofe  kinds  of 
refpective  electricity,  is  expreffed  in  the  following  table,  in  which 
the  quantity  of  fire  that  confiitutes  within  the  capacities  A  and  B, 
their  different  denfity,  is  diftributed  in  proportion  to  the  faid  capa¬ 
cities  ;  which  quantity  of  fire,  in  cafes  of  fimilar  kinds  of  abfolute 
electricity  is  equal  to  their  difference}  and  in  the  cafe  of  contrary 
kinds  of  abfolute  electricity,  is  equal  to  their  fum.  E  and  D  ex- 
prels  the  excefs  or  deficiency  of  denfity  in  the  fire.  And  e ,  di  will 
exprefs  another  degree  of  excefs  or  deficiency  in  the  denfity. 
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101.  The  quantity  of  a  refpective  electricity  in  the  cafe  of  a 
fimple  excefs,  or  alfo  of  a  fimple  deficiency,  is  lefs  than  that  of  an 
abfolute  electricity  ;  that  is  to  fay,  the  quantity  of  the  fire  A  E,  or 
A  D,  that  will  pafs  from  the  body  A  into  the  ground,  or  from  the 
ground  into  the  body  A,  if  this  comes  to  communicate  with  it,  is 

to  the  quantity  or  to  the  quantity  when  A  comes  to  com¬ 
municate  with  B,  as  the  fum  of  the  capacities  A-J-B,  is  to  the  ca¬ 
pacity  B  (VI.  96.  97.) 

102.  The  relpedive  eledricity,  in  the  cafe  of  an  unequal  excefs, 
or  of  an  unequal  deficiency,  is  lefs  than  the  refpedive  electricity 
of  fimple  excefs,  or  of  fimple  deficiency  ;  linee  the  former  is  to  the 
latter,  as  the  difference  alone  of  the  abfolute  electricities,  (from 
which  the  former  refults)  is  to  the  whole  of  the  abfolute  electri¬ 
cities  from  which  the  latter  refults. 

103.  But  the  refpeCtive  electricity  by  excefs  and  deficiency  to¬ 
gether,  (the  capacities  are  fuppofed  conftant)  being  proportioned 
to  the  fum  of  the  abfolute  electricities  (100.)  will  always  be  greater 
than  the  leaft  abfolute  electricity,  though  always  lefs  than  the greateft, 
whenever  the  abfolute  electricities  will  happen  to  be  unequal  ; 
and  will  be  equal  to  them,  whenever  they  will  happen  to  be 
equal,  id,  Let  the  abfolute  excefs  A  E  be  equal  to  the  abfolute 
deficiency  B  D  ;  if  the  former  A  E  pafies  into  the  latter  B  D,  or 
the  former  into  the  latter,  which  comes  to  the  fame,  thofe  parts 
of  their  values  that  will  be  equal-and  contrary,  will  defiroy  each 
other.  2dly,  Let  AE  be  greater  than  B  D,  there  will  firft  pafs 
into  B,  as  great  a  portion  of  A  E  as  is  neceffary  to  defiroy  the 
whole  B  D  -,  and  that  portion  of  refpedive  eledricity  muff 
be  equal  to  the  leaft  abfolute  eledricity  ;  but,  moreover,  the  over¬ 
plus  in  A  E  above  the  deflroyed  quantity  B  D,  will  difiufe  itfelf 
into  A  and  B,  proportionably  to  their  refpedive  capacities  -,  in  con- 
fequence  of  which  diffufion,  the  refpedive  eledricity  will  indeed 
be  lefs  than  the  greated  abfolute  eledricity  A  D,  but  greater  than 
the  lead  abfolute  one  B  D.  3dly,  The  fame  is  to  be  faid  in 
the  cafe  where  the  abfolute  electricity  A  E  fhould  be  lefs  than 
the  abfolute  one  B  D  ;  the  greatefl  refpective  electricity  will  be 
lefs  than  the  greatefl  abfolute  one  BD  was,  but  greater  than  the 
lead  abfolute  one  A  E,  by  all  the  overplus  in  B  D,  above  the  value 
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of  A  E  ;  after  the  deffroying  of  which  quantity  A  E  the  faid  re» 
fpective  electricity  will  diffufe  itfelf  into  the  capacities  A  and  B, 
proportionably  to  their  refpective  amounts. 

104.  Whence  it  follows,  that  in  the  cafe  of  a  refpective  elec¬ 
tricity  by  excefs  and  deficiency  together,  the  abfolute  electricities 
either  deftroy  each  other,  if  they  are  equal,  or  the  lead;  one,  in  con- 
fequence  of  the  communication  between  the  two  bodies,  becomes 
of  a  contrary  nature,  and  differs  in  that  refpect  from  the  four  other 
forts  of  refpective  electricities  ;  viz.  thofe  of  fimple  excefs,  or  de¬ 
ficiency,  and  of  unequal  excefles  or  deficiencies  ;  in  which  refpec¬ 
tive  electricities  the  remaining  abfolute  ones  both  retain  the  fame 
pofitive,  or  negative  value  of  the  primitive  abfolute  electricities. 

105.  But  let  us  now  proceed  to  the  experiments.  Four  men, 

A,  B,  C,  D,  are  infulated  in  a  proper  pofition,  each  of  them  holds 
a  very  fenfible  electrofcope  between  the  index  and  thumb  of  his 
left  hand  ;  A  touches  the  Chain  with  his  right  hand  and  then 
withdraws  it  ;  B  touches  the  left  hand  of  A  with  his  right  hand, 
which  he  then  likewife  withdraws  ;  then  C  touches  B,  and  laftly  D 
touches  C.  In  the  fame  time  that  thofe  feveral  fuccefiive  contacts 
are  performed,  the  divergence  of  the  electrefcope  held  by  the  man 
who  is  touched,  is  lefiened  by  a  half  part  of  it,  and  a  divergence 
equal  to  the  remaining  part,  rifes  in  the  electrefcope  of  the  man- 
who  has  touched  him.  I  afterwards  touch  from  the  floor,  the 
men  A,  B,  C,  fuccefilvely,  when  I  draw  from  each  of  them  (parks 
which  prove  fuccefilvely  dimidiated.  Thus  that  experiment  demon- 
firates,  by  the  help  of  the  regular  diminution  in  the  divergences  and 
fparks,  how  the  electricities  of  fimple  excefs  of  different  degrees, 
are  diffufed  and  diftributed. 

106.  If  the  men  A,  B,  C,  (land  with  their  refpective  degrees  of 
electricity  after  the  firff  operation,  mentioned  in  the  preceding 
paragraph,  then  A  will  retain  4  (or  T\)  B  4  (or  A)  C.f  (or  T\)  of 
the  whole  electricity  which  A  had  drawn  at  firff  from  the  Chain  ;  and 
O,  who  has  not  been  touched  by  any  other  fubfequent  perfon.  will  have 
f  or  TV  of  the  fame.  Now,  if  in  fuch  a  (fate  of  things,  A  touches 

B,  he  will  give  him  a  (park  equal  to  T*T  of  the  former  total  elec¬ 
tricity,  and  confequently  diali  retain  TY~- to  T4T  +  TY>  the  va¬ 
ine  novv  in  the  man  B.  But  if  in  the.  fame  former  fiate  of  things, 
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A  immediately  touches  C  or  D,  inftead  of  B,  he  will  give  to  either 
of  them  a  greater  fpark,  which  will  be  equal  to  TV  of  the  original 
fpark  ;  thus  TV— "tV  will  be  equal  to  TaT  +  TV«  In  this  cafe,  like- 
wife,  it  will  be  convenient  to  ule  the  electrofcopes  ;  and  the  agree¬ 
ment  that  will  be  obferved  between  both  the  fucceffive  values  of 
the  fparks  and  the  changes  in  the  divergencies,  on  the  one  hand, 
and  the  reafoning  that  I  have  expofed  above  on  the  other,  will  de- 
monftrate  the  truth  of  the  theory  of  the  electricity  of  unequal 
excefs,  from  which  that  fame  reafoning  is  deduced.  Nay,  fince 
fuch  experiments,  and  others  of  a  fame  kind  may  be  repeated  at 
pleafure,  and  be  always  attended  with  the  fame  effects,  (referved 
the  contrariety  of  the  direction  with  regard  to  the  Machine)  they 
can  likewife  manifeft  how  much  refpe&ive  electricity  of  fmple 
excefs,  and  electricity  of  unequal  deficiency,  has  been  introduced. 

107.  The  Machine  and  Chain  are  infulated  ;  the  men  A  and  B, 
are  likewife  infulated  in  a  proper  fituation,  and  fupplied  with  elec¬ 
trofcopes  ;  I  touch  the  Machine,  and  the  man  B  touches  the 
Chain  ;  then  I  leave  the  Machine  and  touch  the  Chain,  and  the 
man  B  touches  the  Machine.  The  eleCtrofcopes  of  A  and  B,  di¬ 
verge  equally  in  confequence  of  equal  but  contrary  electricities  ; 
the  fame  friction  of  the  glafs  being  able  to  introduce  from  the 
ground  into  the  man  A,  the  fame  quantity  of  fire  as  that  which  it 
may  extraCt,  and  diffufe  into  the  ground  from  the  man  B,  who  is 
fuppofed  of  an  equal  capacity  with  the  other.  The  man  A  touches 
the  man  B,  and  the  eleCtrefcopes  immediately  lofe  all  manner  of 
divergency 3  which  fhews  how  abfolute  electricities,  when  equal 
and  contrary,  reciprocally  deftroy  each  other. 

108.  The  man  A  flands  infulated  alone,  and  alternately  touches 
the  Machine  and  the  Chain,  which  are  infulated.  At  every  fuc¬ 
ceffive  contaCl  the  eleCtrofcope  which  he  holds  between  his  fingers 
falls  down,  and  then  rifes  and  diverges  again;  which  thews,  that  at 
every  contaCt  the  eleCtricity  in  the  man  A,  turns  into  one  of  a  con¬ 
trary  nature.  The  reafon  is,  that  the  excefs  which  the  man  A, 
who  is  of  a  capacity  inferior  to  that  of  the  Machine,  draws  from 
the  Chain,  is  lefs  than  the  deficiency  that  he  receives  from  the 
Machine,  which  is,  as  we  obferved,  of  a  fuperior  capacity  to  his; 
and  the  deficiency  that  he  may  contract  from  his  touching  the 
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Machine  is  lefs  than  the  excefs  he  will  receive  from  his  touching* 
the  Chain,  which  is  likewife  of  a  capacity  fuperior  to  his  :  which 
experiment  will  (hew  how  the  refpeft  ive  electricity  per  excels  and- 
deficiency  together,  transforms  the  lead  abfolute  electricity  into  the 
nature  of  the  greated  absolute  one. 

ioq.  If  after  the  man  A,  in  the  preceding  experiment,  has  touched 
the  Chain,  I  touch  both  the  Chain  and  the  man,  the  fpark  from' 
the  man  is  lefs  than  that  from  the  Chain  :  likewife,  if  after  the 
man  touched  the  Machine,  I  touch  both  the  man  and  the  Machine, 
the  fpark  that  I  give  to  the  man  is  lefs  than>  that  I  give  to  the 
Machine.  This  proves  how  the  transformed  electricity  remains 
lefs  than  the  greated  transforming  electricity. 

i  io.  But  we  mud  here  obferve,  that  at  every  touching  of  one  of 
the  animated  fydems,  the  divergency  of  the  electrofcope  of  the 
man  becomes  equal  to  the  divergency  of  the  fellow-electrofcope 
which  is  annexed  to  the  fydem  ;  we  may  even  lay  it  down  in  the 
mod  univerlal  terms,  that  as  foon  as  the  quantities,  whatever  they 
are,  of  electricity,  in  two  bodies  of  capacities  however  unequal, 
have  been  diffufed  into  each  other,  by  the  means  of  a  communica¬ 
tion,  or,  as  foon  as  the  fire  becomes  diffufed  in  the  fame  bodies  in 
an  equal  degree  of  denfity,  whether  pofitive  or  negative,  the  elec- 
trofcopes  always  are  found  to  have  an  equal  divergence,  let  the 
quantity  of  the  fire,  either  exceffive  or  refidual  diffufed  in  both  be 
in  what  degree  it  will  ;  which  is 'owing  to  that  fire  being  always 
diffufed  in  thefe  bodies  proportionably  to  their  capacities.  Whence 
it  follows  univerfally,  that  the  exceffive  or  defective  denfity  of  the 
fire  is  always  manifeded  by  the  divergence  of  the  electrofcope;, 
but  the  fame  cannot  be  univerfally  faid  of  th ^quantity.  2dly,  The 
divergence  manifeds  the  quantity  only  when  the  bodies  amongd 
which  the  fire  has  been  diffufed,  are  of  an  equal  capacity,  as  was 
the  cafe  in  the  experiment  of  the  four  men  infulated,  who  are  to  be 
fuppofed  to  be  of  an  equal  capacity;  in  which  cafe  the  quantity, 
I  fay,  is  proportioned  to  the  denfity. 

ill.  Here  a  quedion  can  be  propofed  :  in  the  refpective  elec¬ 
tricity  of  unequal  excefs  and  deficiency,  the  fame  quantity  of  fire 
indeed  paffes  from  the  one  of  the  particular  bodies  into  the  other, 
as  would  do  in  the  cafe  of  an  abfolute  electricity  ;  but  will  there  bs 
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no  difference  in  the  manner  after  which  the  fparks  will  then  he  pro¬ 
duced  ? — In  comparing  the  fparks  which,  in  the  cafe  of  the  experiment 
N9  107,  take  place  between  the  man  A  and  the  man  B,  it  appeared 
to  me  that  thefe  fparks  were  more  united,  and  leaped  to  a  diftance 
fomewhat  greater,  and  produced  cracks  fenlibly  louder,  than  thofe 
fparks  did,  which  either  of  them  gave  or  received  from  the  floor  : 
in  both  cafes  the  fame  quantity  of  fire  indeed  paffed,  but  the  fire  in 
the  cafe  of  the  refpective  electricity,  feemed  to  me  to  have  more 
impetuofity,  and  to  be  more  compact.  The  fame  appeared  to  me 
Itili  more  evidently,  when  I  compared  the  fparks  between  two  men, 
who  communicated,  the  one  with  the  Chain,  the  other  with  the 
Machine  and  were  conflantly  infulated,  with  the  fparks  that  one 
of  the  men  either  gave  or  received  from  the  floor.  The  fame  has 
been  confirmed  by  Monf.  Le  Roy,  in  the  volume  of  the  Memoires- 
de  l' Ac adé mìe  Roiale  dcs  Sciences,  de  l’année  1753»  publiflied  in  the 
year  1757,  by  exciting  the  fparks  with  a  ball  of  brafs,  which,  by 
the  help  of  a  rod  annexed  to  it,  was  moved  backwards  and  for¬ 
wards  within  the  infide  of  a  tube  of  glafs,  of  which  the  mouth  refied 
on  the  body  from  which  the  faid  gentleman  intended  to  draw  the 
fparks.  All  this  is  conformable  to  the  theory  y  a  given  fum  of 
ele&rical  fire  mull  difiufe  itfelf  with  more  impetuofity  from  the 
Chain  within  which  there  is  an  excefs  of  it,  into  the  Machine  where 
the  fame  is  deficient,  than  from  the  faid  Chain  into  the  floor, 
which  has  the  natural  proportion  of  it.  The  fire  mud  likewife 
have  a  greater  impetuofity  when  diffufing  itfelf  from  the  floor, 
which  has  the  natural  proportion,  into  the  Machine,  which  is  de¬ 
ficient;  all  this  will  be  proved  by  mod  evident  experiments  in 
the  next  chapter.  h 
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CHAP.  V. 

On  the  law  of  indication. 

112.  "I  N  general,  this  law  of  indication  confifts  ill  the  difference 
X  of  the  appearances  exhibited  by  the  eleCtric  fire,  when 
ifiiiing  from  a  blunted  point  of  metal  (Pi.  I.  Fig.  2,  3.)  placed  in 
Inch  fituations  that  the  electrical  fire  may,  according  to  the  theory, 
ifTiie  from  one  of  the  fyftems  and  pafs  into  the  other.  If  the 
point  has  been  annexed  to  that  of  the  fyftems  from  which  the  fire 
ijjuesy  and  is  properly  directed  towards  a  plain  portion  of  the  fur- 
face  of  the  other,  then  the  fire  affumes  an  appearance  that  I  have 
diftinguifhed  by  the  appellation  of  a  brujh ;  but  when  the  point  is 
annexed  to  the  fyftem  into  which  the  fire  enters >  then  the  fire 
affumes  another  appearance,  to  which  I  have  given  the  name  of 
little  Jiar. 

1 13.  The  brufh  has  the  appearance  of  a  little  conical  fafcis  of 
rays,  two  thirds  of  an  inch,  or  an  inch,  or  even  more,  in  length. 
The  blunted  part  of  that  lucid  cone  correfponds  to  the  blunted 
point  of  the  metallic  rod,  and  there  the  eleCtrical  fire  has  its 
greatefl  denfity;  from  fuch  point,  the  fire  fubdivides  itfelf  into 
rays  which  grow  continually  more  numerous,  and  proportionably 
thinner,  as  alfo  more  languid.  Neither  are  thofe  rays  perfectly 
continuous  ;  but,  if  you  obferve  attentively,  you  will  fee  that  they 
vibrate  in  an  interrupted  manner  ;  and  you  may  oblerve  likevvife  a 
noife,  or  rather  feries  of  little  cracks,  feparated  by  little  intervals 
of  time,  which  exactly  correfpond  to  the  above-mentioned  inter¬ 
rupted  vibrations;  thefe  cracks  arile,  as  do  all  other  founds,  from 
the  motion  of  the  air,  and  fhew  by  their  interruption  that  the 
eleCtrical  fire  ftrikes  the  air  with  a  correfponding  interruption. 
This  interruption  is  greater  as  the  metallic  rod  is  blunter;  fo  that 
if  the  point  of  it  be  extremely  obtufe  and  placed  very  near  the 
fyftem  into  which  the  fire  paffes,  the  brufh  then  degenerates  to  a 
feries  of  little  fparks  evidently  feparated  from  each  other.  On  thb 
contrary,  as  the  point  is  fharper,  the  rays  that  form  the  brufh  grow 
lels  divergent,  fhorter,  and  more  continuous;  and  the  noife  dege¬ 
nerates  to  a  whiffling,  or  noife  more  acute  and  continuous. 

1 14.  The 
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1 14.  The  little  eledric  Jlar ,  as  we  call  it,  is  very  eafily  difcerned 
from  the  brufh  :  the  light  of  it  extends  itfelf  to  fuch  a  fhort  dis¬ 
tance  that  it  can  hardly  be  faid  to  form  the  beginning  of  a  cone,  lb 
that  many  perfons  give  it  the  appellation  of  the  lucid  -point  ;  this 
little  liar  produces  likewife  a  little  whittling,  but  all  other  circum- 
ttances  being  equal,  lefs  than  that  produced  by  the  brutti  ;  and  in 
the  fame  manner  as  the  vibration  and  interruption  of  the  rays  of 
the  brutti  is  lefs  manifett  at  the  top  of  it,  where  its  fire  is  more 
denfe  and  affords  a  more  vivid  light,  fo  in  the  fhort  and  pretty 
vivid  light  cf  the  little  liar,  fcarcely  any  interruption  is  to  be  dif- 
tinguifhed. 

J15.  I  fhall  treat  of  the  other  accidents  of  thofe  lights  in  a 
chapter  apart,  where  I  propofe  befides  to  enquire  into  the  reafon 
of  their  formation  and  effects  ;  our  prelent  objed  being  more  par¬ 
ticularly  to  define  the  laws  which  the  pofition  of  thofe  lights  fol¬ 
low.  I.  In  none  of  the  fyttetns,  either  a  brutti,  or  a  little  ttar,  ever 
appears  on  a  point  fo  annexed  to  it  as  to  turn  back  again  toward 
the  fame  fyttem.  II.  There  is  always  either  a  brufh,  or  a  little  ttar, 
on  a  point  annexed  to  the  one  of  the  fyftems,  and  direded  to  the 
other.  III.  If  the  point  annexed  to  the  one  fyttem,  exhibits  a 
brufh  direded  towards  the  other,  the  latter  then  exhibits  a  little 
ttar,  correfponding  to  the  former.  IV.  Of  the  three  fyttems,  the 
two  which  are  animated  by  the  fridion  of  the  glafs,  always  ex- 
hibit  the  lame  kind  cf  light,  that  is,  the  Chain  always  a  brufh,  and 
the  Machine  always  a  little  ttar;  which  lights  are  more  vivid  in 
both,  when  they  take  place  bet  ween  one  another,  than  when  they  arife 
between  them  and  a  ttrange  body:  but  the  third  fyttem,  that  is, 
the  ttrange  bodies,  which  is  not  immediately  animated  by  the 
fridion  of  the  glafs,  exhibits  either  the  brutti  or  the  little  ttar,- 
viz.  always  the  little  ttar  with  refped  to  the  Chain,  and  always 
the  brutti  with  refped  to  the  Machine.  V.  The  fridion  of  the 
glafs  being  once  fuppofed,  the  vividity  and  duration  of  the  brutti 
from  the  Chain,  relatively  to  ttrange  bodies,  or  of  the  little  ttar 
on  ttrange  bodies,  relatively  to  the  Chain,  is  proportioned  to  the 
fm  all,  or  great,  or  infinite  capacity  of  the  Machine;  and  vice 
verja ,  the  vividity  and  duration  of  the  brutti  on  ttrange  bodies, 
relatively  to  the  Machine,  and  of  the  little  ttar  on  the  Machine 
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relatively  to  firange  bodies,  is  proportioned  to  the  capacity  of  the 
Chain,  whether  it  be  Email,  or  great,  or  infinite.  Vlthly,  and  more 
-univerfally  :  the  brufh  and  little  Ear  are  fiibjedt  to  the  fame  law's 
of  unity,  exijience ,  non-exp  enee ,  connexion,  and  proportional  dijiri - 
bution ,  as  the  other  eledtric  figns. 

1 1 6 .  Now,  we  therefore  muft  lay  it  down  as  an  acknowledged 
truth,  that  the  bmp:  is  formed  by  the  electrical  fire  that  iflues, 
and  the  little  Jlar  by  the  fame  fire,  when  it  enters,  fince  both 
the  faid  brufh  and  little  Ear,  are  fubjedt  to  all  the  fame  laws  to 
which  the  other  figns  are  fubjedt  (115»  VI.  of  this  the  Frank- 
linian  theory  is  an  immediate  confequence)  that  is  to  fay, 

I.  All  electrical  figns  are  formed  by  the  fubflance  of  the  electrical 
fire  when  it  iflues  from  one  fyflem  to  enter  the  other.  (115*  HE) 

II.  The  electrical  figns  that  take  place  between  the  Chain  and 
firange  bodies,  are  produced  by  the  electric  fire  which  iflues  from 
the  fame  Cham,  and  diffufes  itfelf  into  the  ground  :  the  figns  be¬ 
tween  the  ground  and  the  Machine  are  produced  by  the  fire  that 
iflues  from  the  ground  and  enters  into  the  Machine;  and  the  figns 
between  the  Chain  and  the  Machine,  are  formed  by  the  fire, 
which,  with  a  fiill  greater  force,  iflues  from  the  Chain  and  enters 
into  the  Machine.  (115.  IV.j  III.  The  fire  that  rufhes  from  the 
Chain  is  proportioned  to  the  quantity  which  the  capacity  of  the 
Machine  can  fupply  ;  and  the  fire  which  from  the  ground  may 
enter  the  Machine,  is  proportioned  to  the  quantity  which  the  glafs 
can  tranfport  from  it  into  the  Chain.  (115.  V.)  IV.  Hence  the 
Chain  is  eledtric  by  excefs  with  regard  to  firange  bodies  ;  the  Ma¬ 
chine  is  eledtric  by  deficiency  with  refpedt  to  the  fame  bodies  ;  and 
the  Machine  and  the  Chain  are  eledtric  per  excefs  and  deficiency, 
with  refpedt  to  each  other. 

1 17.  Confequently,  the  contrary  reciprocal  effedls  of  the  brufh 
and  little  flar,  the  diverfity  of  their  viflble  form,  and  the  identity 
of  the  fubflance  from  wdfich  they  proceed,  all  thefe  claim  this  hy- 
pothefis,  viz.  that  the  brufh  is  an  eledtrical  fire  that  iflues,  and  the 
little  Aar  an  eledfrical  fire  that  enters.  The  contrariety  of  thei-r 
reciprocal  efiedts  is  manifeft  from  this;  if  any  infulated  body 
wha:foever,  be  placed  in  the  middle  between  the  faid  contrary 
figns  when  thefe  are  fimilarly  efiedted,  or  between  fimilar,  but 
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contrarii)7  difpofed  figns,  the  one  deftroys  the  elediricity  which  the 
other  communicates.  I  infiliate  irsyfelf  and  prefent  my  right  hand 
to  a  point  annexed  to  the  Chain,  and  the  left  to  a  point  annexed 
to  ftrange  bodies  ;  on  the  one  the  brufh  appears,  on  the  other  the 
little  ftar,  and  the  refult  is  that  the  one  fuppreffes  the  electricity 
raifed  by  the  other.  The  fame  obtains,  if  being  likewife  iniu- 
lated,  I  prefent  with  my  right  hand  a  point  to  the  Chain,  and  with 
the  left  I  prefent  another  to  ftrange  bodies  ;  the  brufh  from  the 
latter  will  deftroy  the  eledtricity  introduced  by  the  former.  The 
effedt  will  again  be  the  fame,  if  I  prefent  one  of  my  hands  to  a 
point  annexed  to  the  Chain,  and  a  point  to  ftrange  bodies,  a  brufh 
from  the  latter  will  deftroy  the  elettrici ty  introduced  by  the  brufh 
from  the  former  ;  laftly,  the  fame  will  obtain  Itili,  if  I  prefent  a 
point  to  the  Chain,  and  my  hand  to  a  point  annexed  to  flrange 
bodies.  Therefore,  thofe  figns  which,  according  to  the  hypothecs, 
ufually  manifeft  fuch  fire  as  adtually  proceeds  from  the  infulated 
body  to  firange  bodies,  defiroy  the  electricity  introduced  by  thofe 
figns  which  are  ufed  to  manifeft  fuch  fire  as  adtually  proceeds  from 
the  Chain  to  the  infulated  body* 

1 1 8.  Now,  if  the  contrariety  in  the  reciprocal  efficiency  of  the 
brufh  and  ftar  upon  each  other,  does  not  proceed  from  contrary 
motions  taking  place  in  the  eledtrical  fire  that  forms  both,  we 
muft  neceflarily  have  recourfe,  in  order  to  explain  the  aforefaid 
contrariety,  to  the  combination  of  two  different  fubftances,  which, 
when  united,  reciprocally  deftroy  that  eledlricity  which,  when  fe- 
parated  they  are  able  to  raife  ;  but  the  poffibility  of  fuch  a  diverfity 
of  fubftances  is  excluded  by  the  fimiliarity  of  all  the  perceptible 
qualities,  of  the  fubftance  that  produces  the  brufh,  and  of  the  fub- 
ftance  which  produces  the  ftar,  and  the  identity  of  all  the  effedts 
produced  by  both. 

119.  Indeed,  as  far  as  our  fenfes  can  penetrate  into  the  faid 
brufh  and  ftar,  it  evidently  appears  that  both  are  formed  of  a  fub¬ 
ftance  which  Hiows  itfelf  to  be  equally  fluid,  equally  capable  of 
producing  light,  equally  free  of  any  fumes,  exhalation,  and  makes  on 
all  our  organs  the  moft  identical  impreffions,  except  indeed  where 
fonie  difference  arifes  from  a  difference  in  the  quantity  of  it;  but 
then  it  by  no  means  follows,  that  there  is  a  diverfity  in  the  fub- 
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fiance  itfelf,  fince  it  is  even  pofiible  at  all  times  to  transform  the  Ear 
into  a  fpurious  brulli,  and  the  bruEi  into  a  ipurious  Ear.  To 
efteCt  fuch  a  transformation,  I  ufe  as  points,  fmall  rods  of  brafs, 
one  eighth  of  an  inch  thick,  and  only  rounded  at  their  extre¬ 
mities  ;  when  from  the  one  ol  thefe  a  moE  vivid  brulli  fprings  out, 
I  prefent  another  point  in  an  oblique  direction,  and  it  happens  that 
at  a  certain  degree  of  obliquity  and  at  a  certain  diEance,  the  rays 
of  the  brulli,  on  the  former  point,  confiderably  lofe  of  their  di¬ 
vergency,  and  turn  as  if  they  intended  to  unite  together  on  the 
point  of  the  latter  ;  but  afterwards  they  difappear,  and  are  ren¬ 
dered  again  vifible  at  a  certain  diEance  from  the  faid  rod,  where 
they  again  unite  together  under  the  lhape  of  a  bruEi. 

120.  The  transformation  of  the  brulli  is  more  obvious  ;  we  Eiall 
fee  in  its  proper  place,  how  it  is  fulhcient  for  making  the  fire  ex¬ 
hibit  the  appearance  of  a  Ear,  to  make  it  fpring  from  a  very  fharp 
point,  or  to  a  blunted  point  to  prefent  a  Eiarp  one. 

12 1.  And  thefe  transformations  do  in  no  wife  deEroy  the  lignifica- 
tion  of  the  two  figns.  For  concluding  that  the  electrical  fire  ac¬ 
tually  ifiues  from  a  given  fyEem,  or  enters  into  it,  it  is  not 
material  whether  it  always  iEues  or  enters  with  a  fame  appearance, 
and  buffers  no  change  in  that  refpeCt  from  any  combination  that 
may  have  been  made  between  the  form  and  pofition  ol  the  body 
from  which  it  ifiues,  and  the  form  and  pofition  of  that  into  which 
it  enters,  and  from  any  fubverfion,  as  it  were,  of  the  faid  data 
and  combination  of  other  circumliances  ;  it  is  fufficient  that  the 
given  fyEem  at  the  fame  time  that  it  throws  a  brufh  from  a  point 
annexed  to  it,  makes  at  the  fame  time  a  little  Ear  appear  on  a 
point  annexed  to  the  other  fyEem. 

122.  Meanwhile,  a  diligent  obfervator  will  not  fail  to  obferve, 
efpecially  in  the  transformation  of  the  Ear,  certain  accidents  which, 
though  they  may  of  themfelves  exhibit  the  appearance  of  a  fpu¬ 
rious  bruEi,  (  1 1 9.)  yet  merely  proceed  from  the  rays  ol  the  true 
brulli.  Becaufe,  I.  At  a  certain  diEance,  and  with  a  certain  ob¬ 
liquity  of  the  two  rods,  one  part  alone  of  the  rays  of  the  true 
brulli,  that  is,  the  neareE  rays,  will  deviate  and  proceed  pretty 
directly  towards  the  other  rod,  in  order  there  to  form  the  brulli  ; 
while  the  fartheE  will  gradually  deviate  lefs.  IL  And  the  rays 
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of  the  fpurious  brulli  will  correfpond  one  by  one,  to  thofe  rays 
alone  of  the  true  brulli,  which  will  deviate  enough  to  proceed 
from  the  rod  annexed  to  the  Chain,  to  that  which  from  the  ground 
is  prefented  obliquely  to  it.  III.  And,  as  the  rod  that  commu¬ 
nicates  with  the  ground  is  brought  gradually  nearer,  other  and 
other  rays,  which  at  fi  rib  deviated  lefs  towards  it,  will  gradually 
deviate  more.  IV.  Such  fucceffive  deviation  of  the  true  brulli 
will  ftill  more  evidently  appear,  it  inftead  of  the  rod,  I  prefent  ob¬ 
liquely  the  extremity  of  my  finger;  in  fuch  cafe  the  fpurious  brulli 
fhortens  (till  more,  and  draws  frill  nearer  to  the  appearance  of  a 
ftar.  V.  But  a  Bill  better  exhibition  of  the  motion  of  the  true 
brulli  in  the  cafe  of  the  N°  115.  may  be  given.  Two  infulated 
men  communicate,  the  one  with  the  Chain,  the  other  with  the 
Machine  ;  the  former  prefents  the  rod,  partly  to  the  finger  of  the 
latter,  partly  to  the  finger  of  another  man  who  Hands  on  the 
ground  ;  and  then  the  brudi  that  fprings  from  the  rod  held  by  the 
man  communicating  with  the  Chain,  exhibits  a  fpedtacle  equally 
agreeable  and  fignificative  ;  this  brulli  approaches  itfelf  with  a  kind 
of  preference  to  the  man  who  communicates  with  the  Machine, 
its  deviation  towards  him  begins  at  a  greater  difiance  than  ufual, 
is  more  confiderable,  and  takes  place  fooner  ;  the  diverging  rays 
are  more  re-united  and  thrown  at  a  greater  difiance.  All  which 
lays,  as  it  were,  the  theory  under  our  eyes,  or  at  leafi  is  mod: 
conform  to  it,  and  extremely  capable  to  enable  us  to  difiinguith 
the  true  brulli  from  the  fpurious,  and  to  preferve  to  the  former  its 
fignification.  Mean  while,  it  is  eafy  to  perceive  in  the  pretty  long 
rays  of  the  fpurious  brulli,  the  identity  of  the  fubftance  defiined 
to  form  the  ftar,  with  that  which  forms  the  brulli  :  which  is  the 
objedl  we  propofed  at  firft  to  demonfirate. 

123.  But  fuch  identity  is  ftill  better  confirmed  by  the  identity 
of  the  effects  produced  by  the  fubftance  which  forms  the  brulli, 
and  that  which  forms  the  ftar.  Let  us  fuppofe  for  a  moment  that 
thofe  two  fubftances  are  different  :  now,  fince  all  other  vivid  elec¬ 
tric  figns  are  fubjedt  to  the  fame  laws  as  the  faid  brulli  and  fiar, 
it  follows  from  fuch  fuppofition  the  fubftances  that  concur  in  the 
formation,  for  infiance,  of  a  fpark,  will  be  alfo  different;  and  when, 
with  the  knuckle  of  my  finger,  I  excite  a  fpark  from  the  finger  of 
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the  man  A,  the  fubfiance  formatrix  of  the  brulli,  and  that  which» 
produces  the  fiar,  mufi:  therefore  both  concur  in  the  formation  of 
the  fpark  raifed  between  the  man  A  and  me,  lìnee  fuch  fpark  is  the 
refult  of  the  force  that  determines  thofe  different  fubfiances  to 
move  towards  each  other,  in  order  to  meet  and  unite.  Therefore, 
in  any  point  between  the  fingers  at  which  thofe  fubfiances  may  be 
fuppofed  to  meet,  a  reaion  will  fail  why  they  Ihould  proceed  farther  ; 
whence  it  mull  follow  that  the  finger  of  the  man  A  will  be  pricked 
for  the  greateft  part  by  the  fubfiance  that  forms  the  brulli,  and 
my  finger  by  that  which  forms  the  liar:  but  how  can  fuch  mod 
fimilar  punCtions  be  produced  by  fubfiances  of  a  different  nature  ? 

124.  Moreover,  let  the  extreme  terms  of  the  fpark  be  changed, 
let  its  intenfity  be  increafed,  let  even  the  medium  through  which  it 
paffes  be  changed  ;  that  is,  let  an  efficacious  fpark  be  drawn- 
through  any  fuch  body  as  ufually  refufes  a  paffage  to  it,  either  in 
confequence  of  its  own  infulating  nature,  or  of  its  finali  capacity,, 
then  the  fpark  will  Ihiver  it  to  pieces,  or  reduce  it  into  fmoke,.  or 
calcine  or  vitrifry  it,  and  in  a  word,  alter  it  conformably  to, 
its  peculiar  nature,  though  alter  it  in  the  moli:  identical  manner, 
even  in  thofe  parts  which  are  only  applied  to  each  other,  and  where 
the  fubfiance  of  the  brulli  alone  might  then  be  fuppofed  to  operate 
on  the  one  of  thofe  parts,  and  the  fubfiance  of  the  fiar,  on  the  other. 

125.  But  in  order  to  manifeft  filili  more  the  feeblenefs,  and  even- 
the  contradiction  of  the  theory  of  the  two  difiindt  fubfiances,  I 
think  that  I  mufi  above  all  produce  the  mod  elaborate  and  inge¬ 
nious  expofition  that  has  been  given  of  it  till  this  day;  fuch  is-, 
that  which  Dr.  Priefiley  has  endeavoured  to  give,  and  has  fet  in  its 
mod  advantageous  light  in  his  valuable  Hifiory  of  Ele&ricity,. 
which  he  published  in  London  in  the  year  1767,  and  which 
he  has  enriched  with  many  new  experiments  and  obfervations  of 
his  own. 

126.  **  Let  us  fuppofe  (fays  he)  that  there  are  two  eleCtric  fluids, 
**  which  have  a  firong  chymical  affinity  with  each  other,  at  the 
“  fame  time  that  the  particles  of  each  are  as  firongly  repulfive  of 
“  one  another.  Let  us  fuppofe  thefe  two  fluids,  in  fome  meafure, 
“  equally  attracted  by  all  bodies,  and  exifling  in  intimate  union 
**  in  their  pores,  and  while  they  continue  in  this  union  to  exhibit 
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«  no  mark  of  their  exifience.  Let  us  fuppofe  that  the  fridion 
«  of  any  eledtric  produces  a  feparation  of  thefe  two  fluids,  caufing 
«  (in  the  ufual  method  of  electrifying)  the  vitreous  electricity  of 
«  the  rubber  to  be  conveyed  to  the  conductor,  and  the  refi  nous 
w  eleCtricity  of  the  conductor  to  be  conveyed  to  the  rubber.  The 
“  rubber  will  then  have  a  double  fhare  of  the  refinous  eleCtricity, 

*■*  and  the  conductor  a  double  fhare  of  the  vitreous  ;  fo  that,  upon 
44  this  hypothefis,  no  fu-b  fiance  whatever  can  have  a  greater  or 
“  lefs  quantity  of  eleCtric  fluid  at  different  times;  the  quality  of 
44  it  only  can  be  changed. 

127.  44  The  two  eleCtric  fluids,  being  thus  feparated,  will  begin 
44  to  fliow  their  refpective  powers,  and  their  eagernefs  to  rufil 
44  into  reunion  with  one  another.  With  whichfoever  of  thefe 
44  fluids  a  number  of  bodies  are  charged,  they  will  repel  one  an-- 
44  other,  they  will  be  attracted  by  all  bodies  which  have  a  lefs 
14  fhare  of  that  particular  fluid  with  which  they  are  loaded,  but 
44  will  be  much  more  flrongly  attracted  by  bodies  which  are 
44  w'holly  defiitute  of  it,  and  loaded  with  the  other.  In  this  cafe 
44  they  will  rufh  together  with  great  violence. 

44  128.  Upon  this  theory,  every  electric  fpark  confifis  of  both 
*4i  the  fluids  rufhing  contrary  ways,  and  making  a  double  current. 

44  When,  for  inftance,  I  prefent  my  finger  to  a  conductor  loaded 
44  with  vitreous  electricity,  I  difcharge  it  of  part  of  the  vitreous, 

44  and  return  as  much  of  the  refinous,  which  is  fiipplied  to  my 
44  body  from  the  earth.  Thus  both  the  bodies  are  unelectrified» 

44  the  balance  of  the  two  powers  being  perfectly  reflored. 

44  129,  When  1  prefent  the  Leyden  phial  to  be  charged,  and, 

44  confequently,  connect  the  coating  of  one  of  its  fides  with  the 
44  rubber,  and  that  of  the  other  with  the  conductor,  the  vitreous 
44  electricity  of  that  fide  which  is  connected  with  the  conductor 
44  is  tranfmitted  to  that  which  is  connected  with  the  rubber,  which 
44  returns  an  equal  quantity  of  its  refinous  electricity  ;  fo  that  all 
44  the  vitreous  electricity  is  conveyed  to  one  of  the  fides,  and  all 
44  the  refinous  to  the  other.  Thefe  two  fluids,  being  thus  fepa- 
44  rated,  attract  one  another  very  ftrongly  through  the  thin  fub- 
44  fiance  of  the  intervening  glafs,  and  rufh  together  with  great 
44  violence,  whenever  an  opportunity,  is  prefented,  by  means  of 

2.  44  proper  r 
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“  proper  conductors.  Sometimes  they  will  force  a  paflage  through 
“  the  fu  b  da  nee  of  the  glafs  itfelf;  and,  in  the  mean  time,  their 
<£  mutual  attraction  is  ftrongcr  than  any  force  that  can  be  applied 
“  to  draw  away  either  of  the  fluids  feparately.” 

Such  are  the  principles  on  which  Dr.  Pried  ley  edablifhes  the 
hypothefis  of  the  two  fluids  ;  and  I  think  I  mud:  here  obferve  that 
the  exiflence  of  two  fluids  being  once  luppofed  as  faCl,  the  principles 
above  appear  to  me  neceflary,  or  at  leali  very  proper  to  explain  a 
few  particular  faCts,  or  at  leali  a  few  which  can  admit  more  eaflly 
of  fuch  explanation,  and  Dr.  Prieilley,  it  muli  be  confefied,  has  fet 
forth  and  fupported  the  faid  hypothefis  as  ingenioufly  as  well  could 
be;  but  on  the  other  hand  I  muli  add  (did  I  omit  it,  it  would  be 
doing  injury  to  the  faid  ingenious  author)  that  in  his  pofterior  experi¬ 
ments  and  obfervations,  he  has  ufually  followed  the  Franklinian 
theory. 

130.  After  thofe  previous  obfervations,  I  (hall  make  fome  re¬ 
flections  on  the  abovementioned  principles,  and  diali  diflemble 
none  of  the  confederations  with  which  Dr.  Prieilley  has  endea¬ 
voured  to  confirm  them.  And  fir  ft,  with  regard  to  the  chymical 
affinity  of  two  fluids,  it  is  true,  as  Dr.  Prieilley  alledges  in  line  27. 
page  470.  that  nature  abounds  with  infiances  of  affinities  of  this 
kind,  which,  when  the  fubllances  are  united,  do  not  manifeft  their 
peculiar  force,  though  this  force  is  exerted  in  fuch  a  remarkable 
manner  when  thefe  lubftances  happen  to  he  feparated  :  but  indeed 
1  have  no  knowledge  that  there  can  be  in  nature  any  inftance  of 
two  diflinCt,  nay  contrary  fubllances,  fuch  as  mud  be  the  vitreous 
and  the  refinous  fluid,  which,  when  feparated,  may4  have  all  their 
outward  manifeftations  exactly  alike,  and  produce  the  very  fame 
effeCls,  the  one  as  the  other?  befldes  that  fuch  an  affinity,  how¬ 
ever  convenient  it  may  appear  for  the  explanation  of  the  natural 
equilibrium  ol  the  two  fluids,  is  entirely  repugnant  to  the  inequili¬ 
brium,  or  unbalancement  of  one. 

131.  Befldes,  how  is  it  poffible  for  the  friClion  ever  to  furmount 
the  union  refulting  from  fuch  a  chymic  affinity  ?  The  friClion  uni¬ 
formly  excites  the  contrary  kinds  of  electricity  in  the  feveral  parts 
however  diflant,  of  the  Machine  or  Chain,  which  in  the  Frank¬ 
linian  theory  naturally  and  neceflarily  follows  from  the  mere  ex¬ 
pan  five  force  of  one  fame  fluid.  It  is  enough  that  the  friClion  ffiould 
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increafe  in  any  manner  whatever,  the  expanfive  force  of  that  por¬ 
tion  of  eledtric  fluid  which  is  on  the  furface  of  the  hand,  or  of  thet 
rubbing  cuflfion,  or  that  the  fame  fri&ion  fhould  diminifh  the  ex¬ 
panfive  force  of  that  portion  of  eledtric  fluid  which  is  on  the  fui- 
face  of  the  glafs,  for  producing  a  tranflation  of  a  portion  of  that 
fluid  from  the  hand  to  the  glafs;  and  the  fante  circumflances 
likewife  fuffice  for  making  the  fluid  in  any  part,  however  remote, 
of  the  Machine,  to  diftend  itfelf  proportionably  to  the  quantity 
wanting  in  the  place  of  the  fridtion,  and  cauflng  tne  excefyve 
fire  carried  by  the  revolving  glafs  to  the  Chain,  to  pafs  into  the 
fame,  and  create  in  all  parts  of  it  an  excejjive  denfity.  But  in 
the  theory  of  two  fluids,  how  the  adtion,  entirely  mechanical, 
of  the  fridtion  (which  does  not  of  itfelf  extend  farther  than 
thofe  parts  which  are  actually  brought  into  a  contadi  with  each 
other)  can  it  poflibly  fe parate  in  very  diftant  places  and  by  a 
pofitive  force,  different  parts  of  two  fluids  which  are  clofely  united 
with  one  another  ?  A  particular  principle,  or  force,  fhould  at  lead; 
exift,  which,  after  the  feparation  of  thofe  parts  of  the  two  fluids 
which  are  near  the  two  rubbing  furfaces  has  been  effected,  could 
determine  the  other  parts  dirfufed  throughout  the  whole  extent 
of  the  Chain  or  the  Machine,  to  pafs  to  one  fame  place,  in  order 
there  to  be  in  their  turn  difunited  and  feparated.  Now,  the  hy- 
pothefls  of  two  fluids  does  not  mention  any  fuch  active  prin¬ 
ciple  ;  on  the  contrary,  it  fuppofes  a  force  that  keeps  all  the  parts 
of  the  fluids  united,  and  the  excogitator  of  it  moreover  con- 
fefles  (p.  475.  1.  11.)  that  each  of  the  fluids  is  attracted  by  all 
bodies  around  it,  with  a  force  at  leafi  equal  to  that  with  which 
they  reciprocally  attract  each  other. 

1  32.  I  here  omit  to  mention  that  the  electricity  in  the  Machine, 
and  the  Chain,  are  animated  in  a  very  different  way:  in  the  Ma¬ 
chine  it  is  animated  by  a  friction  of  a  part  of  the  flame  againA  the 
glafs  ;  in  the  Chain,  by  a  mere  paflive  vicinity  of  the  fame  to  the 
glafs.  This,  in  the  Franklinian  hypothefis,  is  entirely  confiAent:  it 
fufBces  that  the  glafs,  through  the  mechanical  force  of  the  friction, 
takes  a  quantity  of  electric  fire  from  the  Machine,  to  make  the  fame 
diffufe  itfelf,  in  confequence  of  its  natural  expanfive  force,  into  the 
Chain.  But  in  the  hypothefis  of  two  fluids,  it  becomes  necefiary  that 
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the  friction,  which  only  obtains  between  the  glafs  and  a  very  fmaTl 
part  of  the  Machine,  fhould  equally  feparate  the  refinous  from  the 
vitreous  fluid,  both  in  the  Chain  and  the  Machine  ;  and  the  former 
muft  as  w?ell  be  tranfported  from  the  Chain  into  the  Machine,  as 
the  latter  from  the  Machine  into  the  Chain. 

133.  But  Dr.  Prieftley  is  indeed  far  from  being  perfuaded  that 
the  friction  (which,  we  muft  obferve,  is  acknowledged  in  both 
hypothefes  to  be  the  only  caufe  of  the  contrary  electricities  in  the 
Machine  and  the  Chain)  can  without  a  contradiction  feparate  the 
two  fluids,  and  reciprocally  tranfport  the  refinous  fluid  of  the  Chain 
into  the  Machine,  and  the  vitreous  fluid  of  the  Machine  into  the 
Chain  :  on  the  contrary,  he  really  feerns  to  have  perceived  that 
things  were  otherwife,  and  not  to  have  found  any  other  better 
way  of  favouring  his  hypothefis,  but  by  fubftituting  the  unfup- 
ported  words  let  us  fuppofe ,  to  argument  and  facts. 

1  34.  The  disjoining  of  the  two  fluids  being  once  gratuitoufly  fup- 
pofed,  the  fame  gentleman  pafles  to  the  application  of  his  hypo- 
thefts  to  electrical  motions;  to  which  motions  the  faid  hypothefis 
appears  to  him  extremely  conform*  while  he  thinks  the  Franig¬ 
li  nian  theory  infufficient  :  indeed  Dr .  Franklin  himfelf,  fays  Dr. 
Prieftley,  in  p.  472.  ingenuoujly  acknowledges  that  he  was  a  long 
time  puzzled  to  account  for  bodies  that  were  negatively  eie  51  rifled  re¬ 
pelling  one  another.  The  fame  difficulty  likewife  occurred  to  me 
at  firft  ;  but  it  had  not  with  me,  .and  I  think  with  great  reafon, 
the  fame  weight  it  muft  have  had  with  others,  becaufe,  I.  Even 
then  I  did  not  confider  the  divergences  as  being  produced 
either  by  the  excefs,  or  the  defect  of  the  electric  fire,  ablolutely 
confideredj  but  indeed  from  the  inequality  between  the  fire  in 
the  bodies,  and  that  in  the  ambient  air  (Chap.  II.)  ;  and  as 
this  inequality  fubfifts  in  the  cafes  of  bodies  electric  by  excefs, 
as  well  as  in  the  cafes  of  bodies  electric  by  deficiency,  the  di¬ 
vergence  in  both  cafes  appeared  to  me  equally  natural.  II.  Af¬ 
terwards,  in  the  year  1760,  the  confideration  of  the  electricity  of 
the  vaporous  air  (the  experiments  relative  to  which  I  had  expofed 
in  the  feventh  letter  on  the  terreftrial  atmofpheric  electricity)  in¬ 
duced  me  to  write  a  letter  to  Dr.  Franklin,  publifhed  in  the 
fecond  part  of  the  50th  volume  of  the  Philofophical  Tranfactions, 
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in  which  I  explained  more  precifely  the  divergence  of  bodies 
equally  eledric,  by  the  foie  predion,  either  of  the  fire  fuperabound- 
ing  in  bodies  againfl:  the  fire  in  the  air;  or  the  preflion  of  the  fire 
in  the  air,  againfl  the  fire  in  fuch  bodies  as  were  deficient.  Si 
ignis  pr opr tus  corporum ,  quant ufcumque  is  fit  (I  fay  in  p.  522  of  the 
faid  volume)  libratur  cum  igne  dmbientis  aeris ,  corpora  .  .  confjiunt 
in  nativo  fatu  ;  .  .  ,fn  alter  ignis  fupcrat  alterum ,  corpora  difcedunty 
vi  ignis  Juperantis .  3dly,  and  lafily.  Since  the  time  I  fucceeded  in 
analyling  the  phenomena  of  the  eledric  well,  and  thus  to  afcertain 
the  nature  of  eledric  atmofpheres,  I  have  continually  found  the  ex¬ 
planation  above  more  true  and  confentaneous  to  all  manner  of  fads, 
I  here  defire  the  reader  to  confult  my  little  book  de  Atmofpiuzrd 
Elettrica,  ad  Regiam  Londinenfem  Societ.  Taur.  26  Feb.  1769.  The 
fire  inherent  to  the  air  tends  to  balance  itfelf,  but  without  mixing 
with  the  moveable  fire  in  the  deferent  bodies  ;  and  in  the  fame 
manner  as  a  fame  kind  of  motion  is  perceived  in  the  balance, 
whether  I  put  a  new  weight  in  the  fide  A,  or  take  an  equal  weight 
from  the  fide  B,  thus  two  bodies  equally  eledric  always  will  equally 
diverge,  whether  the  excefiive  fire  of  the  bodies  furpafies  the  na¬ 
tural  fire  in  the  air;  or  the  natural  fire  in  the  air,  furpafies  the  de¬ 
ficient  fire  in  the  bodies. 

135.  But  we  are  to  difcufs  ail  this  in  time,  with  more  precifion 
and  accuracy;  now  it  fufiices,  after  having  fhewn  that  divergences 
are  no  wife  repugnant  to  the  Franklinian  theory  of  a  fingle  fluid,  to 
obferve,  that  though  thefe  divergences  may  at  firft  fight  feem  to 
favour  more  the  theory  of  the  two  fluids,  yet,  in  examining  more 
clofely  into  the  fubjed  they  are  found  to  render  that  theory  much 
lefs  probable.  I  omit,  for  the  prefent,  the  difficulty  of  feparating 
the  two  fluids  mentioned  above;  I  only  confider  here  the  impofli- 
bility  of  conciliating  the  identity  of  the  efied  produced  by  each 
of  thofe  fuppofed  fluids  feverally,  in  the  body  in  which  it  is  fup- 
pofed  to  predominate,  with  the  fuppofed  difference  of  their  nature, 
in  confequence  of  which,  it  is  faid,  they  mutually  attract  them- 
felves.  This  is  the  character  of  a  philofophy  illufive,  and  too 
lazy  to  inquire  into  the  caufes  of  things,  thus  to  imagine  fluids 
that  mull  have  fuch  motions  as  cannot  take  place  in  bodies.  Bo¬ 
dies  differently  eledrified  mutually  attract  each  other  :  Why  ? 
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Becaufe  they  are  animated  by  two  fluids  that  mutually  attraCt  each 
other.  Bodies  fimiliarly  electrified  mutually  repel  each  other: 
Why  ?  Becaufe  they  are  animated  by  two  fluids,  the  particles  of 
each  of  which  repel  each  other,  and  that  in  a  mod  fimilar  manner. 
But  that  thefe  are  by  no  means  the  principles  and  ways  of  nature, 
is  manifest  from  the  exaCt  unity  of  the  effeCts  of  thofe  fuppofed 
fluids,  whicji  unity  is  abfolutely  repugnant  to  the  fuppofed  diver- 
flty  of  their  natures  ;  from  the  impoffibility  of  their  feparation,  on 
which  feparation,  neverthelefs,  every  one  of  their  manifeflations 
rauft  depend;  laftly,  from  the  manner  after  which  they  fhould 
unite  again  ;  which  would  be  intirely  oppofed  to  all  phenomena. 

136.  With  regard  to  the  two  laft  circumflances,  “  If  it  be  afked, 
“  (to  ufe  the  words  of  Dr.  Prieflley,  p.  475.)  why  the  two  fluids, 

meeting  on  the  furface  of  the  globe,  or  in  the  eleCtric  explo- 
“  lion,  do  not  unite,  by  means  of  their  flrong  affinity,  and  make 
“  no  further  progrefs  ;  it  may  be  anfwered,  that  the  attraction 
“  between  all  other  bodies  and  the  particles  of  both  thefe  fluids 
<c  may  be  fuppofed  to  be,  at  leaf!:,  as  flrong  as  the  affinity  between 
“  the  fluids  themfelves  ;  fo  that  if  any  body  is  difpofl'efled  of  one, 
“  it  may  recruit  itfelf,  to  its  ufual  point  of  faturation,  from  the 
“  other  But,  indeed,  to  attempt,  in  an  hypothefis  contrived  as 
this  is,  to  refolve  one  difficulty,  only  ferves  to  raife  a  number  of  others. 
Firfl,  if  the  fluids  are  more  ftrongly  attracted  by  the  bodies  in 
which  they  are  contained,  than  they  attrad  each  other,  certainly 
the  difficulty  of  feparating  them  muft  become  double  ;  Ance  we  mufl, 
bcfides  their  affinity  and  mutual  attraction,  alfo  furmount  this  new 
common  attraction  that  keeps  them  united  to  the  faid  bodies  :  to 
this  add,  that  fuch  attraction  mufl  be  furmounted  only  with  regard 
to  the  fluid  that  is  to  be  feparated  :  befides,  would  not  fuch  an  at¬ 
traction  from  the  bodies  oppofe  the  repulfive  force  of  the  feparated 
fluids  ?  Secondly  •f,  how  could  thofe  impulfions  of  any  one  of  the 

*  Let  us  obferve,  the t  in  the  furface  of  the  glafs,  at  lead  in  that  portion  of  it  that 
proceeds  from  the  hand  towards  the  Chain,  the  eleétricity  by  excefs  actually  predo¬ 
minates  ;  which  would  be  impoiTible  in  the  hypothefis  of  the  two  fubltances. 

+  I  fuppofe  (till  that  thefe  words  Ut  us  fuppofe  have  the  miraculous  efficacy  to  caule 
the  two  fluids,  viz.  the  refinous  from  all  fides  of  a  Chain  ever  fo  extenfive,  and  the 
vitreous  from  all  fides  of  a  Machine,  let  its  capacity  be  ever  fo  great,  to  run  to  the  glafs, 
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fluids  towards  the  Machine  and  the  Chain,  inftead  of  balancing 
each  other,  furmount  the  mutual  attractions  of  the  fluids  towards 
each  other,  and  their  common  attraction  towards  the  glafs  ;  and 
operate  fo  as  to  make  thofe  fluids  continue  to  exchange  their 
llations  and  proceed,  viz.  the  vitreous  into  the  Chain,  and  the  re- 
finous  into  the  Machine.  The  fame  reafoning  muft  be  applied  to 
the  cafe  of  two  fluids  which  are  fuppofed  to  encounter  each  other 
in  the  line  in  which  an  explofion  is  e fleeted  :  there  is  no  doubt 
but  fuch  explofion  can  be  effected  through  a  deferent  body,  for 
inflance,  through  an  iron  wire  feveral  miles  long.  Now,  why 
flhould  thofe  fluids,  which  are  fuppofed  to  meet  in  the  middle  of 
the  faid  line,  inflead  of  being  flopped  there  by  the  efficiency  to 
their  aflinity,  and  of  the  attraction  of  the  iron  within  which  they 
are  fuppofed  to  run,  why  fhould  they,  I  fay,  preferve  their  motion 
and  proceed  farther  ?  This  furely  muft  be  in  confequence  of  fome 
attraction  from  the  furface  of  the  glafs  ;  but  then,  it  is  requifite 
that  fuch  attraction  fhould  be  infinite  (fince  it  muft  be  fubject, 
like  all  kinds  of  attractions  in  nature,  to  fome  inverfe  law  of  di- 
ftances)  with  regard  to  the  fum  of  the  abovementioned  forces. 

137.  I  omit,  as  being  abfolutely  fuperfluous,  to  mention  the 
other  arguments  by  the  help  of  which  Dr.  Prieftley  continues,  in 
page  475,  to  endeavour  to  procure  fome  probability  to  the  hypo- 
thefis  of  two  fluids  5  which  indeed  of  itfelf  can  have  none  :  and 
whoever  will  confider  it  with  any  degree  of  attention  will  be 
made  Itili  more  fenfible  of  its  contradictions  than  I  have  been  able 
here  to  manifeft.  The  able  hiftorian  of  electricity  has  himfelf 
given  the  beft  confutation  of  his  own  theory  of  two  electric  fub- 
ftances,  the  refinous  and  the  vitreous,  by  attempting  to  apply  it  to 
general  facts,  though,  it  muft  be  confefled,  he  has  in  the  mean 
time  ufed  all  poffible  induftry  to  reconcile  his  theory  to  thofe 
facts. 

138.  I  think  I  cannot  better  confirm  the  theory  of  a  fingle 
fluid,  than  by  producing  here  a  moft  fignificative  experiment, 
which  I  fent  the  14th  of  January,  1766,  to  the  Royal  Society,  and 
which  is  inferted  in  the  volume  of  the  fame  year.  Let  two  balls 
of  brafs  exactly  poliflhed  B  C,  two  thirds  of  an  inch,  or  an  inch 
in  diameter,  be  placed  under  a  bell  of  glafs  (PI.  IV.  fig.  6,  7.)  at 
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the  difiance  of  about  five  inches  from  each  other.  The  ball  C  rifes- 
from  the  bafon  of  the  air-pump;  the  other  B  is  annexed  to  the 
rod  A  B  which  communicates,  through  the  neck  of  the  bell,  with 
the  Chain.  I  place  the  bell  upon  the  air-pump  (PI.  II.  Fig.  9.) 
and,  when  the  air  is  carefully  extracted,  1  rub  the  glafs  foftly,  in 
order  to  excite  in  the  Chain  only  a  very  weak  electricity  ;  mean¬ 
while  I  obferve,  and  explore  the  precife  degree  to  which  the  elec¬ 
trical  fire  manifefis  itfelf  on  the  ball  B,  without  paffing,  at  leaffc 
viiibly,  to  the  ball  C  :  ufually  I  obtain  fuch  precife  degree,  by  ap¬ 
plying  the  palm  of  my  hand  to  the  fide  of  the  bell,  taking  care 
not  to  touch  the  brafs  with  which  the  neck  is  garniflied  :  the  con- 
fequence  of  which  is,  that  as  a  gieat  part  of  the  bell  is  externally 
coated ,  a  great  portion  of  fire  flow’s  along  that  part  of  the  interior 
furface  which  correfponds  to  my  hand,  and  it  at  lafi  happens  that 
that  precife  portion  becomes  retarded,  which  is  neceflary  for  pro¬ 
ducing  the  defired  appearance. 

139.  This  appearance  confifls  of  a  mod  agreeable  and  regularly 
variegated  hemifphere  of  light,  which  rifes  from  the  lowefi  he- 
mifphere  of  the  ball  B  in  b,  and  covers  the  fame,  while,  at  the 
fame  time,  no  other  light  is  perceived,  either  on  the  other  ball  C 
which  communicates  with  the  ground,  or  in  the  fpace  between 
both.  The  difpofition  and  degradation  of  that  hemifphere  confifls 
of  a  feries  of  circles  having  for  centre  the  lowefi  point  of  the  ball, 
and  growing  gradually  larger  as  they  rife  around  the  inferior  he¬ 
mifphere  of  it.  I.  The  light  which  produces  the  rings  formed 
between  the  fucceffive  circles,  is  equally  rare,  and  equally  languid 
in  all.  II.  That  height,  befides,  to  which  the  light  reaches,  is 
greatefi  in  the  common  centre  of  all  the  rings,  and  from  thence 
goes  regularly  decreaflng,  according  to  the  greater  difiance  at 
which  the  fucceffive  rings  fland  from  that  centre.  III.  The  ra¬ 
rity,  and  languidly  of  the  light,  increafe  after  a  fame  manner. 

140.  Now  the  manner  and  order,  after  which  that  light,  which 
is  of  one  and  the  fame  kind,  riles  from  the  ball  that  communicates 
with  the  Chain,  does  certainly  fuflice  to  render  viflble  to  the  eye,  I 
think  I  may  fo  exprefs  myfelf,  the  theory  of  a  Angle  fluid,  and  to 
confirm  all  that  has  been  Laici  before,  to  prove  that  the  brufh  is 
produced  by  fuch  a  Angle  fluid  ifluing  from  a  fvfiem  that  is  in  a 

fuper- 


ARTIFICIAL  ELECTRICITY. 


53 

fuperabounding  Rate  relatively  to  another.  But  the  preceding 
experiment  will  receive  a  new  degree  of  fignificancy  from  the  fol¬ 
lowing  one,  which  is  fimilar  to  it.  I  make  the  end  of  the  rod  AB 
which  communicated  before  with  the  Chain,  communicate  now 
with  the  Machine  ;  and  the  fame  agreeable  and  regularly  varie¬ 
gated  hemifphere  of  light  now  covers  the  upper  hemifphere  of  the 
ball  C,  which  has  been  made  to  communicate  with  the  bafon  of 
the  air-pump,  that  is,  with  the  ground  :  in  the  mean  time,  no 
light  appears  any  where  elfe,  neither  around  the  other  ball  B, 
which  now  communicates  with  the  Machine,  nor  in  the  fpace  be¬ 
tween  the  two  balls.  If  I  intend  now  to  have  the  light  appear 
around  the  lower  furface  of  the  ball  B,  the  place  where  it  appeared 
when  the  rod  AB  (PL  IV.  Fig.  6.)  communicated  with  the 
ground,  IJnfulate  the  air-putnp  and  make  the  bafon  of  it  commu¬ 
nicate  with  the  Machine;  I  then  make  the  end  A  of  the  rod  AB 
communicate  with  the  ground  ;  and  then  the  light  appears 
again  in  B. 

141.  In  fhort,  thofe  experiments  evidently  prove  that  the  elec¬ 
trical  matter  manifefls  itfelf  on  that  ball  only  in  which  the  elec¬ 
trical  fire  finds  itfelf  in  a  Rate  of  a  relative  excefs  :  that  is,  on  that 
ball  which  communicates  with  the  Chain,  and  in  which  the  fire  is 
excefiive,  while,  in  the  mean  time,  the  other  ball  communicates 
with  the  ground  in  which  the  fire  is  in  the  natural  Rate;  and  on 
the  other  hand,  the  fire  manifeRs  itfelf  on  the  ball  that  commu¬ 
nicates  wirh  the  ground,  when  the  other  ball  happens  to  commu¬ 
nicate  with  the  Machine,  in  which  the  fire  is  deficient  with  re¬ 
gard  to  the  ground  :  in  Ihort,  the  light  appears  on  the  ball  annexed 
to  that  fyfiem  which  would,  through  a  point,  throw  the  brulli 
toward  the  other.  Therefore  it  is  manifefi,  that  fuch  a  light 
(could  not  we  call  it  the  light  o f  diffuflon)  whether  we  confider  its 
difpofition  and  form,  or  examine  either  its  fituation  or  unity, 
allows  no  pofiibility  to  the  theory  of  two  diRindt  electrical  fluids. 

142.  But  the  comprehenfive  fignification  of  this  light  of 
fion  is  found,  on  the  other  hand,  to  increafe  beyond  meafure,.  when 
we  attend  to  another  light  that  I  call,  and  which  is  in  faCt,  the 
light  of  overflow.  This  light  appears  likewife  on  one  of  two  balls 
B  C  placed  near  one  another,  under  a  bell  emptied  of  air:  it  is  a 
8  matter 


ARTIFICIAL  ELECTRICITY. 


54 

matter  of  indifference  whether  they  be  placed  either  the  one  under 
the  other,  or  both  in  an  horizontal  plane.  The  vacuum  being 
formed,  and  the  hook  of  the  rod  beingjoined  with  the  Chain,  we 
may  then  obferve  a  cylinder  of  a  weak  reddifh  colour,  flowing 
from  the  ball  13  which  communicates  with  the  Chain,  toward  the 
ball  C  which  communicates  with  the  ground,  and  forming  there 
a  finali  light  of  overflow,  fuch  as  is  delineated  in  PI.  V.  Fig.  io. 
When  the  electricity  is  weak  and  the  ball  C  exactly  communicates 
with  the  ground,  this  light  becomes  like  a  moft  fubtle  fur,  or  veil, 
which  fp reads  itfelf  around  the  bafls  of  the  finali  cylinder  of  light, 
in  the  place  where  this  reaches  the  ball  C,  and  even  fuch  light 
does  not  appear  but  very  imperfectly,  when  the  place  in  which  the 
experiment  is  made  is  not  perfectly  dark. 

143.  But  then  that  light  of  overflow  wdll  become  completely 
vifible  if  a  bottle  be  difcharged  between  the  two  balls  ;  a  little 
difcharge  will  produce  a  fmall  light,  fuch  as  it  is  reprefented  in 
PI.  V.  Fig.  10.  A  greater  difcharge  will  prefent  a  light  proportion- 
ably  greater,  as  in  Fig.  1 1.  And  a  till  more  copious  difcharge  will 
make  the  light  of  overflow  plentifully  furround  both  the  whole 
ball  C,  and  a  part  of  the  rod  on  which  it  is  raifed,  and  even  fpread 
itfelf  around  the  ball  B  (Fig.  12.) 

144.  I  have  hitherto  fuppofed  that  the  bottle  is  difcharged  by 
directing  its  excefiive  fire  from  the  ball  B  to  the  ball  C  ;  now  I 
direct  it  in  a  contrary  way.  In  the  laft  experiment  I  held  the 
bafon  of  the  air-pump  with  one  hand,  and  carried  with  the  other 
the  hook  of  the  bottle,  to  the  rod  of  the  ball  B  ;  now,  I  carry  the 
hock  of  the  bottle  to  the  bafon  of  the  pump,  and  the  relult  of  this 
change  is,  that  the  light  of  overflow  then  appears  around  the 
ball  B. 

145.  This  light,  therefore,  is  of  itfelf,  a  farther  confutation  of 
the  theory  of  two  fluids,  and  an  ocular  demonftration  of  the 
Franklinian  theory  of  one  fluid,  which  diffufts  itfelf  every  where 
to  an  equality;  for  either  that  light  is  formed  by  one  of  the  turn 
fuppofed  fluids,  or  by  both  at  once,  while  they  move  from  the  one 
ball  to  the  other:  but  if  the  light  in  queflion  is  formed  by  both, 
why  does  it  rife  on  one  ball  alone,  and  not  upon  the  other  ?  If  it 

is 
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is  formed  by  one  fluid  only,  why  does  it  not  rife  on  that  ball  from 
which  fuch  fluid  moves  ? 

146.  But  the  extenflve  fignificancy  of  thofe  two  lights,  that  is, 
that  of  diffujion ,  and  that  of  overflow,  increafes  Itili,  if  we  compare- 
their  feveral  accidents  together,  and  examine  the  agreement  be¬ 
tween  them  and  the  theory  of  a  Angle  fluid.  The  light  of  diffu- 
Aon  manifefts  itfelf  to  a  great  diftance,  from  one  ball  to  the  other  ; 
the  light  of  overflow  loves  to  keep  to  fmall  diftance:  the  light  of 
diffuflon  appears,  though  neither  the  luminous  cylinder  or  any 
other  emiflion  of  light  takes  place  ;  the  light  of  overflow  does  not 
appear  but  confequently  to  the  exiftence  of  a  cylinder  of  light; 
that  is  to  fay,  in  confequence  of  an  adtual  transfuflon  of  the  elec¬ 
tric  Are:  the  light  of  diffuAon  cannot  receive  any  addition  without 
degenerating  to  one  continued  ray;  the  light  of  overflow  increafes 
as  the  force  of  the  difploded  Are  increafes.  Laftly,  the  former 
light  appears  on  the  ball  from  which  the  eledtric  Are,  according 
to  the  theory  of  one  fluid,  muft  iflue  ;  the  latter,  on  the  ball  into 
which,  according  to  the  fame  theory,  it  is  to  enter  :  the  former, 
on  that  part  of  the  ball  fuperabounding  with  Are,  which  faces  the 
deftcient  ball;  the  latter,  on  that  part  of  the  deftcient  ball  which 
faces  the  ball  that  fuperabounds  with  Are.  The  nature  of  the 
former  light  agrees  extremely  with  the  idea  of  a  Are  that  iftues 
with  an  inconAderable  degree  of  force,  and  which  is  not  able  to 
repel  the  reAdual  air,  however  rare  it  may  be  and  fpread  itfelf  to 
any  conAderable  diftance  ;  the  latter,  agrees  entirely  with  the  idea 
of  a  Are  that  enters,  and  which,  ftriking  againft  the  fire  originally 
exifling  in  the  ball,  recoils  back  againft  the  moveable  rare  reAdual 
air:  in  Ihort,  that  appears  in  the  fame  place  that  the  brufh  does, 
this  in  the  fame  place  that  the  ftar  does.  Therefore,  it  appears 
that  the  Agnification  of  the  brulli  and  the  ftar  is  fully  demon- 
ftrated,  as  well  as  the  Franklinian  theory,  which  refults  from  the 
fa i d  AgniAcation,  or  rather  is  contained  in  it  :  which  was  the  prin¬ 
cipal  objedi  of  this  chapter. 


C  H  A 
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C  H  A  P.  VI. 

On  the  law  of  excitation . 

147.  X  TITHE  RTO,  I  have  only  fpoken  of  the  two  animated 
JLJl  fyftems,  the  Machine,  and  the  Chain  ;  and  of  the  in-* 
different  fyftem,  or  ftrange  bodies.  The  appearances  exhibited  by 
the  brufhcs  and  the  liars,  excited  between  thofe  three  fyftems  are 
moll  diftindf,  and  the  other  figns  between  them  are  alio  more 
decifive,  than  thole  on  the  animating  fyftems.  However,  in  order 
to  throw  a  complete  light  on  the  fubjedt,  I  diali  now  confider  the 
latter  Iyftem,  that  is,  the  glafs  ;  and  difcufs  that  law  which  I  call 
of  excitation ,  in  confequence  of  which  the  elediric  fire  paffes  from 
the  rubbing  hand  into  the  rubbed  glafs:  a  part  of  this  fire  after* 
wards  flows  back  into  the  hand,  at  that  place  where  the  glafs 
begins  to  move  from  it;  another  portion  diffufes  itfelf  into  the 
Chain,  through  that  part  to  which  the  glafs  paffes  neareft  ;  and 
another  portion  gets  back  into  the  hand,  at  that  part  where  the 
glafs  returns  again  to  it. 

148.  Let  us  propofe  that  law  with  more  precifion.  I.  The  elec¬ 
tric  fire,  proper  to  the  rubbing  hand,  paffes  invifbly  from  thofe  points 
of  it  which  are  in  contadi  with  the  glafs  to  the  furface  of  the  glafs,  and 
adheres  to  it  proportionably  to  the  force  of  the  friction,  and  to  the  quan¬ 
tity  offre  exifing  in  the  hand  itfelf.  II.  That  fire  which  is  thus  colle  Sled 
upon  and  adheres  to  the  glafs  in  the  time  and  in  the  place  of  the  fridlion , 

from  that  infant  begins  to  dif'ufe  itfelf  from  thofe  parts  of  it  which,  in 
confequence  of  the  rotation ,  begin  to  leave  the  contadi  of  the  hand  ;  a 
part  of  the  fame  fre  thence  fows  back  and  gets  again  into  thofe  points 
of  the  hand  which  lie  nearefl  to  the  glafs,  though  no  more  in  contadi 
with  it  ;  while  the  remaining  part  of  the  fre  keeps  on  that  part  of  the 
glafs  which  leaves  the  hand  and  goes  to  the  Chain.  III.  Of  that  re- 
f  dual  part  on  the  furface  of  the  glafs  a  portion  gets  into  the  Chain, 
where  the  glafs  p  afe  s  nearefl  which  portion  increafes  till  it  has  at¬ 
tained  a  fame  ratio  to  the  capacity  of  the  Chain,  as  the  portion  which 
remains  has  to  the  capacity  of  the  glafs . 

149.  That  the  elediric  fire  paffes  from  the  hand  to  the  glafs  at 
the  place  where  the  fridlion  is  effedted,  we  diali  find  manifeft  when 

we 
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we  confider  that  this  glafs  is  the  foie  moving  principle  of  the  con¬ 
trary  electricities  in  the  apparatus  ;  that  fuch  electricities  are  ex¬ 
cited  with  a  greater  vivacity,  as  the  friction  is  performed  in  a  better 
manner  and  with  a  properer  degree  of  force;  and,  laftly,  when  vvc 
fee  that  thofe  parts  of  the  hand  which  actually  performs  the  fric¬ 
tion,  are  found  to  be  eleCtric  by  deficiency  ;  and  that  thole  parts 
of  the  glafs  which  have  juft  left  the  hand,  are  found  to  be  eleCtric 
by  excefs.  Let  the  circle  abed*  defign  the  equator  of  a  cylinder 
rubbed  by  the  hand  B  :  now,  whenever  a  point  is  prefented  to  that 
equator,  a  Jiar  appears  on  that  point  ;  but  whenever  the  fame 
point  is  prefented  to  the  hand  (the  Machine  being  infulated)  a 
brujh  appears  upon  it.  Nor  are  we  to  wonder  that  in  the  com¬ 
mon  way  of  making  experiments  'f*  no  light  appears  on  thofe  parts 
of  the  glafs  where  the  friction  is  effected  ;  this  is  becaufe  the  eleCtric 
fire,  in  diffufing  itfelf  from  the  hand  into  the  glafs  immediately  con¬ 
tiguous  to  it,  meets  with  no  refiftance;  now,  a  refiftance  is  the 
only  caufe  which  ever  makes  the  eleCtric  fire  become  vifible. 

150.  Laftly,  that  the  fire  which  from  the  rubbing  body  pafles 
into  the  glafs,  is  proportioned  to  the  quantity  which  is  able  to  be 
actually  fupplied  from  ellewhere  to  the  faid  body,  is  manifeft 
from  all  that  has  been  faid  concerning  the  laws  of  exijience ,  and 
of  connection  ;  and  this  I  moft  fatisfaCtorily  fhew,  by  rubbing  the 
cylinder  or  globe  with  the  cufhion  reprefented  in  PI.  I.  Fig.  8‘. 
which  is  infulated  with  a  ftick  of  glafs  :  in  this  cafe  the  cylinder 
or  globe  fcarcely  exhibit  any  electricity. 

1 5 1.  With  regard  to  the  other  parts  of  the  law,  objeCts  of  this 
chapter,  they  are  rendered  manifeft  by  the  means  of  the  three  fol¬ 
lowing  lights.  I.  By  the  means  of  a  feries  of  little  ftars  which  fparkle 
in  e  (PI.  III.  Fig.  2.)  on  the  inferior  extremity  of  the  rubbing 
fingers,  that  is,  where  the  glafs,  which  is  fuppofed  to  move  ac¬ 
cording  to  the  letters  abed ,  begins  to  part  from  the  hand;  thofe 
ftars  manifeft  that  portion  of  fire  which,  in  that  place,  gets  back 
into  the  hand;  and  I  call  fuch  light,  the  light  of  Jeparation . 
II.  By  the  means  of  the  ftar  that  appears  on  the  point  of  the 

*  PI.  I.  Fig.  1.  6.  PL  II.  Fig.  2. 

f  We  {hall  fee  afterwards  the  reafon  why  there  appears  a  light,  when  the  cylinder, 
or  globe,  are  emptied  of  air. 

I  Chain 
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Chain  (PI.  I.  Fig.  7.)  which  ftar  1  call  light  of  diflribution ,  as  that 
light  indicates  that  portion  of  the  eledtric  fire  which  from  the 
glafs  diffufes  itfelf  into  the  Chain,  proportionally  to  the  capacity 
of  it.  III.  and  laftly,  By  the  means  of  another  feries  of  ftars,. 
which  appear  likewife  on  the  hand  in  f  (PL  III.  Fig.  2.)  where 
the  glafs  in  revolving  returns  to  the  hand  :  thefe  ftars,  which  X 
call  the  light  of  returni  indicate  that  portion  of  fire  which  remains 
on  the  glafs,  after  it  has  pafied  near  the  Chain. 

152.  That  thofe  three  lights  muft  be  confidered  as  true  ftars, 
is  rendered  manifeft  by  the  following  transformation  I  make  of 
them.  Inftead  of  a  cylinder  of  glafs,  I  now  rub  a  folid  cylinder  of 
iealing  wax,  and  the  refult  is,  that  inftead  of  feeing  on  the  fingers 
in  e,  and  the  hand  in  f,  ftiort  fattened  lights,  we  now  fee  long 
tradis  of  light  take  place  from  the  fingers  in  e  and  from  the  upper 
part  of  the  hand  in  f  :  thofe  in  e  follow  the  wax  as  it  moves 
away  ;  thofe  in  f  throw  themfelves  out  to  meet  the  wax  as  it  returns 
to  the  hand  :  likewife,  inftead  of  the  ftar  which  before  appeared 
on  the  Chain,  there  now  fprings  from  it  a  moft  confpicuous  brufh. 
All  this  is  to  be  explained  thus  :  the  wax  ftick  (this  property  of 
wax  we  fhall  prove  more  fully  afterwards)  gives  to  the  rubbing 
hand  a  part  of  its  fire,  whereas  the  glafs  draws  fire  from  the. 
hand  ;  and  the  hand,  which  is  then  emptied  of  its  own  fire,  be¬ 
comes  apt  to  receive  it  back  from  the  overloaded  glafs  ;  both  when 
this  efcapes  from  the  hand,  and  when  it  returns  to  it  ftill  loaded 
with  exceftive  fire  :  but  as  this  fame  hand,  when  the  experiment 
is  made  with  wax,  itfelf  becomes  overloaded  with  fire,  it  then 
throws  it  towards  the  wax,  as  it  moves  away  deprived  of  its  own,, 
and  towards  that  fame  wax  when  this  comes  back  to  it,  ftill  defi¬ 
cient  :  and  as  the  overcharged  glafs  difFufed  before  its  exceftive  fire 
into  the  Chain,  fo  now  does  the  Chain  throw  its  own  into  the  wax. 
which,  by  being  rubbed,  is,  in  confequence  of  its  peculiar  nature,, 
become  deficient. 

153.  But  with  regard  to  the  light  of  feparation ,  and  that  of  re- 
turn ,  they  are  made  to  exhibit  a  more  precife  appearance  of  a  ftar,, 
and  of  a  brulli,  by  performing  the  fridtion  with  a  piece  of  gilt  paper 
with  this  obfervation,  that  the  glafs  muft  be  rubbed  with  the 
gilded  furface,  and  the  wax  with  the  naked  furface  of  fuch  paper.. 
When  the  fridtion  is  executed  on  glafs,  the  edges  of  the  paper  ex¬ 
hibits 
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hibit  a  feries  of  moft  confpicuous  Jlars  ;  and,  on  the  contrary, 
throw  mod:  vivacious  bruff:es  when  the  experiment  is  made  on 
wax.  Likewife,  if  the  point  which  the  Chain  offers  to  the  glafs, 
or  to  the  wax,  be  fharper  than  nfual,  then  both  the  appearances  of 
a  brufh,  or  of  a  ffar,  will  be  more  linking. 

154.  I  have  hitherto  fpoken  of  the  three  lights  jointly  :  I  mud- 
now  fay  fomething  on  the  multiplication  that  may  be  effected  ol 
the  lights  of  feparation  and  return.  When  I  rub  with  my 
hand,  or  with  any  other  fuch  body  as  does  not  touch  in  a  con¬ 
tinued  manner  the  furface  of  the  rubbed  body,  a  light  appears  in 
all  fuch  intervals  as  are  formed  between  thofe  parts  into  which 
the  rubbing  body  happens  to  be  divided,  for  inftance,  between  my 
fingers,  if  I  rub  with  my  hand.  Now,  certainly,  all  thefe  lights 
are  nothing  elfe  than  lights  of  feparation  and  return  together  : 
where  the  glafs  ceafes  to  be  in  contact  with  one  of  the  fingers,  a 
part  of  the  fire  left  by  the  faid  finger,  gets  back  into  it,  and  an¬ 
other  part  of  the  fame  fire  throws  itfelf  into  the  next  finger,  with 
which  the  glafs  is  again  in  contact.  This  obfervation  on  thofe 
lights,  befides  its  neceffarily  belonging  to  the  fubjedf,  is  moreover 
uleful  in  this,  that  it  ffiews  that  in  exciting  the  ele&ricity  by  a 
friction,  there  is  no  necefiity  to  perform  the  fame  with  a  con¬ 
tinued  furface. 

155.  Thofe  operations  being  once  made,  there  is  fcarcely  any 
thing  elfe  to  obferve  with  regard  to  the  light  of  feparation  in  par¬ 
ticular,  but  that  its  exigence  and  vivacity  correfpond  both  to  the 
capacity  of  the  Machine,  and  the  efficacy  of  the  fridiion.  If  the 
Machine  be  infulated,  the  light  of  feparation  will  appear  for  as 
little  time  only  as  will  be  fufficient  for  the  fire  in  the  Machine  to 
be  carried  into  the  Chain  ;  this  done,  the  rubbing  hand  can  no 
more  afford  to  depofit  fire  on  the  furface  of  the  glafs  ;  therefore  no 
more  fire  can  afterwards  flow  back  from  the  fame  into  the  fingers  ; 
and  thus  there  will  be  no  more  a  light  of  feparation .  All  which 
confirms  the  fecond  part  of  the  law. 

156.  With  regard  to  the  third  part  of  it,  it  is  rendered  equally 
manifefl;  by  the  light  of  diftribution  ;  or  otherwife,  by  that  fiar 
which  appears  on  the  point  of  the  Chain,  where  the  rubbed  glafs 
paffes  neareft.  The  exiflence  and  vividity  of  it  correfpond,  both  to 
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the  capacity  of  the  Machine  to  give  fire  to  the  glafs,  and  to  the 
capacity  of  the  Chain  to  receive  the  fame.  Thus,  if  I  rub  the 
glafs  with  the  infulated  cufhion  as  in  PI.  I.  Fig.  8.  we  can  hardly 
perceive  for  an  inftant,  and  even  in  a  dark  room,  a  moft  weak 
light  upon  the  point  of  the  Chain.  If  I  rub  with  my  hand,  fianding 
on  the  infulated  Machine,  the  light  will  appear  fomewhat  longer*.; 
but  now  it  will  be  found  perpetual,  if  I  rub  from  the  ground,, 
and  if,  befides,  the  Chain  alfo  communicates  with  the  ground  : 
all  this  is  becaufe,  in  the  latter  cafe,  the  Machine  can  perpetually 
give,  and  the  Chain  perpetually  receive  fire.  But  however  firongly. 

I  may  rub  from  the  ground,  when  the  Chain  is  once  infulated, 
the  fiar  will  not  appear  upon  it  any  longer  than  the  fhort  time 
which  is  necefiary  to  faturate  it.  I  increafe  the  capacity  of  the 
Chain,  by  annexing  to  it  one  or  more  phials  to  be  charged  ;  then 
the  fiar  appears  the  longer  as  more  time  is  become  requisite  to  com¬ 
plete  the  faturation  ;  and  the  vivacity  of  the  fame  is  continually  and 
gradually  decreafing  as  the  faturation  gradually  draws  nearer  to  its 
completion.  Whence  there  can  be  no  doubt  but  that  the  fiar  is 
formed  by  fire  which  from  the  glafs  diffufes  itfelf  into  the  Chain. 

157.  All  this  is  no  lefs  evident  with  regard  to  fuch  fire  as  is 
accumulated  by  the  friction,  on  that  part  of  the  glafs  which  from 
the  hand  proceeds  to  the  Chain  :  the  following  experiment 
will  demon  firate  it.  Let  the  glafs  be  revolved  in  the  direction 
abed  (PL  III.  Fig.  2.)  and  the  point  of  the  Chain  be  placed 
near  b .  If,  things  being  ordered  fo,  I  prefent  a  brufh  made  of 
metal  wire  to  any  point  ab  of  the  glafs,  in  that  part  of  it  which 
proceeds  to  the  Chain,  then  there  is  no  longer  either  fiar  or  other 
fign  of  electricity  on  the  Chain;  but  if  with  the  fame  brufh  I 
glide  fiowly  along  that  part  c  of  the  glafs  which  has  already  pafled 
the  Chain,  then  the  latter  exhibits,  as  ufual,  the  fiar  and  other 
ordinary  figns.  If  I  make  the  glafs  turn  in  a  contrary  way,  the 
fame  things  will  alfo  take  place  when  I  apply,  likewife  in  a  con¬ 
trary  manner,  the  metallic  brufh.  Univerfally,  in  order  to  have 
the  fiar  appear  on  the  point  annexed  to  the  Chain,  and  the  Chain 
charged  in  confequence  of  that  fiar,  it  is  requifite  that  the  por-, 
tion  of  fire  on  the  glafs  do  not  meet,  before  it  reaches  the  Chain, 
any  other  body  into  which  it  may  diffufe  itfelf; 
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158.  Laftly,  the  light  of  return  correfponds,  with  regard  to  its- 
exigence  and  vividity,  to  th$  capacity  of  the  Machine  to  give  fire 
diredly,  and  to  the  capacity  in  the  Chain  to  receive  it,  inverfely.. 
That  is  to  fay,  according  as  the  whole,  or  only  a  portion,  of  the  fire 
on  the  glafs  gets  into  the  Chain,  none,  or  a  lefs  part  of  it,  remains 
on  the  glafs  there  to  form  the  light  of  return ,  Thus,  if  the 
Chain  communicates  with  the  ground,  it  then  can  admit  any 
quantity  of  fire  the  glafs  may  carry  to  it  ;  consequently,  little  or 
110  fire  will  remain  on  the  latter  to  form  the  light  of  return.  If 
the  Chain  be  infulated,  the  light  of  return  fpeedily  returns,  and 
foon  increafes  its  vividity,  the  Chain  being  then  foon  faturated  with 
eledrieal  fire  :  if,  in  the  mean  time,  a  fpark  is  drawn  from  the 
Chain,  then  the  fiar  begins  afrefh  to  appear  upon  its  point,  and 
the  light  of  return  on  the  glafs  again  fails.  Let  afterwards  a  large 
jar  of  glafs  be  annexed  to  the  Chain,  in  order  to  be  charged  ;  the 
light  of  return  will  then  be  continually  increafing,  in  pro¬ 
portion  as  the  fiar  on  the  point  of  the  Chain  will  be  continually 
deadening  :  that  is  to  fay,  the  light  of  return  will  decreafe  in  pro¬ 
portion  as  the  charge  of  the  Chain,  (of  which  the  capacity  is  be¬ 
come  larger  on  account  of  the  annexed  jar)  draws  nearer  to  its 
completion.  In  fhort,  the  light  of  return,  otherwife  the  fire  re¬ 
maining  on  the  glafs,  when  from  the  Chain  it  goes  again  to  the 
hand,  is  to  the  light  of  dijlnbution ,  that  is,  to  the  fire  which  from 
the  glafs  goes  to  the  Chain,  as  the  capacity  of  the  glafs,  is  to  the 
capacity  of  the  Chain. 

159.  Thole  three  lights  therefore,  viz.  the  light  of  feparation,  the 
light  of  difiribution,  and  the  light  of  return,  demonftrate  with 
the  utmofi  evidence,  the  whole  tenor  of  the  two  lafi  parts  of  the 
law  of  excitation  *y  but  it  is  proper  here  to  mention  fome  accidents 
of  that  light  it f elf,  which  might  create  fome  difficulty  to  new  ob- 
fervers.  I  he  firil  is,  that  when  infiead  of  ufing  the  point  of  the 
Chain  for  exhibiting  the  fiar,  I  ufe  a  brufh  of  metal  fixed  to 
it,  then  long  and  extenfive  brufhes  of  fire  fpring  from  feveral  of 
the  threads,  or  wires  that  compole  it.  But  if  we  confider  the  cir- 
cumfiances1  and  the  diredions  of  thefe  brufhes,  we  diali  difcover 
their  reai  caule  :  they  only  ipring  out  when  the  Chain  is  fully 
charged  ;  they  only  fpring  from  ludi  wires,  or  threads,  as  may 
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dired  themfelves  towards  the  Machine,  and  thefe  threads  really 
dired  themfelves  that  way:  that  is  to  fay,  the  exceffive  fire  in  the 
Chain  direds  the  moveable  parts  annexed  to  it  towards  fuch  neigh¬ 
bouring  bodies  as  are  not  eledrified,  and  much  more  fo  towards 
fuch  bodies  as  are  contrarily  electrified,  as  for  inftance,  is  the  Ma¬ 
chine  when  infulated  :  no  wonder  therefore,  that  fuch  fire,  fince  it 
adually  fprings  from  thofe  moveable  parts  of  the  Chain,  exhibits 
the  appearance  of  a  brufh.  From  all  this  we  may  conclude  what  is 
the  beft  way  of  fuppreffing  the  faid  brufhes  ;  let  firft  the  metallic 
threads  be  kept  fixed  and  direded  towards  the  rubbed  glafs  ;  fe- 
oondly,  let  a  part  of  the  glafs  be  rubbed,  broad  enough  to  make 
the  fire  ruth  from  it,  even  laterally,  to  every  part  of  the  faid  threads, 
and  it  will  thus  reftrain  the  fire  in  them  from  diffufing  itfelf. 

160.  The  other  accident  is  Rill  more  furprifing  at  firft,  but 
proceeds  from  the  fame  caufe  :  when  a  globe,  or  a  cylinder,  or 
a  plate  of  glafs,  are  rubbed  with  cufhions  covered  with  amal¬ 
gam  of  tin  and  mercury,  ftrong  fparks  are  often  feen  to  break  be¬ 
tween  the  Chain  and  the  hand,  and  plentifully  to  run  around  the 
circumference  of  the  glafs  :  thefe  are  owing  to  fuch  particles  of 
the  amalgam  as  happen  to  fpread  themfelves  on  the  furface  of  the 
glafs,  and  there  effect  a  pretty  continuous  feries  of  deferent  points, 
through  which  the  eledric  fire,  accumulated  to  a  great  denfity  in 
the  Chain,  difcharges  itfelf  from  it,  and  throws  itfelf  into  the 
cuffiion.  The  fire,  befides,  depofited  on  all  the  . furface  of  the  glafs, 
may  co-operate  in  the  faid  accidents  :  it  may  caufe  a  fpark  to  be 
continued  ;  or  it  may  open  fome  little  paftage  through  which  all 
the  fire  of  the  Chain,  which  proportionably  to  its  denfity  endea¬ 
vours  to  fpread  itfelf,  may  afterwards  be  difcharged  $  fo  that  this 
fire,  being  thus  tranfported  from  place  to  place,  is  carried  back  to 
the  hand  or  cufhion.  The  accident  might  be  productive  of  fome 
bad  confequences,  if  the  fridion  being  effeded  with  the  hand,  a 
diicharge  were  to  take  place  in  the  very  time  that  many  large  jars 
are  juft  completely  charged  :  in  order  to  avoid  fuch  accident,  care 
muti  be  taken  not  to  have  that  part  of  the  glafs  which  is  rubbed, 
exadly  polifhed  ;  thus  the  feries  of  deferent  points  never  can  be 
completed  :  befides,  the  hand  muft  be  kept  at  as  great  a  diftance  as 
can  be  from  the  Chain  ;  it  even  will  be  better  to  rub  with  a 
cufhion. 
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APPENDIX. 

1 6  f .  Of  two  bodies  whatfoever,  A  and  B,  fo  fituated  as  to  be 
eafiiy  brought  to  be  rubbed,  the  one  by  the  other,  the  one  v.  g. 
the  body  A  gives  to  the  other  its  natural  fire  and  all  other  that 
may  come  and  fuccedively  fupply  the  defedi  of  that  which  it  has 
already  given  :  in  this  manner,  the  excitation  of  two  contrary 
electricities  is  preferved  ;  viz.  of  an  electricity  by  deficiency  in  A 
that  gives,  of  an  eledlricity  by  excefs  in  B  that  receives  the  elec¬ 
trical  fire.  *  But  why,  in  any  given  cafe,  does  the  one  of  the 
bodies,  v.  g>  A  give  its  fire  to  B,  rather  than  B  gives  its  own  to  A  ? 
The  folution  of  this  queftion  would  be  an  excellent  and  mod  lu¬ 
minous  complement  to  this  chapter. 

162.  But  in  cafe  we  could  not  fucceed  in  refolving  that  dif¬ 
ficulty,  X  think  it  will  not  be  amifs  to  prefent  here  fome  propo- 
fitions  that  may  at  lead  procure  fome  approximation  towards  the 
faid  folution.  I  obferve,  firfi,  that  of  two  bodies  of  a  fame  or  fiimi- 
lar  nature ,  that  which  rubs  gives  eie  Brie  fire  to  that  which  is  rubbed .. 
I  mean  by  the  body  that  rubs,  that  which  moves  on  a  fame  part 
of  its  furface  fuccedively  along  fuccefiive  different  parts  of  the  fur- 
face  of  the  other  ;  which  latterai  confequently  call  the  rubbed  body. 

163.  The  firfi:  experiment  that  led  me  to  that  important  truth 
has  been  made  on  a  docking  made  of  black  filk,  which  I  had 
clofely  wrapped  around  a  cylinder  of  glafs  (PI.  III.  Fig.  12.)  and 
tied  with  firings  of  filk  ah ,  ab ,  efi,  c  d,  and  ditched  together  in 
ac :  I  have  rubbed  it  while  the  faid  cylinder  was  turning,  with 
the  fellow-docking  to  it  of  black  filk,  when  I  have  feen  an  excefs 
rife  in  the  Chain,  and  a  deficiency  in  the  Machine. 

164.  I  foon  after  fubdituted  a  docking  of  white  filk  to  the 
black  one,  and  rubbed  it  with  the  fellow  to  it,  of  white  filk,  when, 
the  fame  effedt  has  refulted. 

165.  I  fubdituted  a  band  of  black  velvet,  and  in  rubbing  it 
with  a  piece  of  black  velvet,  I  faw  likewife  fparks  by  excefs  take 
place  on  the  Chain.  I  fubdituted  a  band  of  white  velvet  (all  thefe 
bodies  were  applied  after  the  fame  manner  to  the  cylinder,  PI.  III. 
Fig.  12.)  and  in  rubbing  it  with  a  piece  of  white  velvet,  I  per¬ 
ceived  the  fame  effe&s. 
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1 66.  I  then  proceeded  to  try  if  the  fame  would  alfo  take  place 
in  making  the  experiment,  as  I  have  done  lo  often,  with  the  fkin  of 
a  cat.  Having  applied  this  to  the  cylinder,  Ì  rubbed  it  with  a  piece 
of  fkin  of  the  lame  kind,  when  I  obtained  fparks  by  excefs  from 
the  Chain,  as  drong,  at  lead  as  any  I  could  excite  by  rubbing 
with  my  hand. 

167.  I  have  tried  the  fame  experiment  with  glafs,  by  rubbing  a 
cylinder  of  glafs  pretty  folid,  fometimes  with  a  tube,  and  at  others 
with  a  dick  of  glafs  ;  but  in  whatever  manner  I  might  prels  upon 
the  glafs,  1  never  lucceeded  to  perceive  the  lead  electricity  arile  in 
the  circle  traced  by  the  tube  or  dick,  on  the  cylinder  while  it 
turned  ;  however,  when  I  preffed  more  drongly,  the  two  glades 
then  began  to  grind  each  other;  and  there  arofe,  in  the  place  of 
the  fridion,  a  little  flame  of  a  golden  redddh  colour. 

168.  I  imagined  that  the  friction  in  this  experiment  produced 
no  electricity ,  becaufe  it  was  performed  with  too  much  force  and 
dedroyed  the  glafs  :  I  tried  to  moderate  it.  I  fixed  two  dicks 
made  of  fealing-wax  to  the  centres  of  two  thin  polifhed  round 
plates  of  crydal,  about  five  or  fix  inches  in  diameter:  then,  with 
the  help  of  thefe  two  dicks,  I  preded  the  two  uncoated  furfaces 
again d  one  another,  and  being  thus  rubbed,  a  degree  of 
eledrieity  refulted  in  both.  When  I  afterwards  attentively  ex¬ 
amined  in  what  manner  the  fridion  had  been  performed,  I  con- 
dantly  found  that  that  plate  which  with  its  mod  prominent  parts 
defcribed  the  larged  circles  or  lines  on  the  furface  of  the  other, 
grew  eledrified  by  deficiency,  and  the  other  by  excefs. 

j 6 9 .  I  then  tried  to  experiment  with  fealing-wax.  I  took  two 
flicks  of  a  fame  fizé,  and  with  a  fame  part  of  the  furface  of  the 
one,  1  moved  alone;  the  fides  of  the  other,  which,  at  the  fame 
time,  I  was  foftly  revolving  on  its  axis  :  when  I  found  that  the 
dick  with  which  I  had  rubbed  the  other,  had  contraded  in  the 
end  an  eledrieity  by  deficiency;  and  that  which  had  been  rubbed , 
eledrieity  by  excefs. 

170.  Seeing  how  condantly  the  above  principale  obtained,  when 
the  natures  of  the  bodies  were  the  fame ,  I  tried  if  it  would  prove 
equally  true  with  regard  to  bodies  of  only  fimilar  natures,  by  rub¬ 
bing  hair  of  a  kind  of  animals,  with  hair  of  animals  of  another 
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kind;  and  making  ufe  of  hair  of  a  certain  finenefs,  I  have  always 
found  the  rubbing  body  to  give  its  own  fire  to  that  which  was 
rubbed  *. 

171.  The  refult  of  thofe  experiments  is,  therefore,  that  of  two 
bodies,  A  and  B,  of  a  fame,  or  very  fimilar  nature,  A  which  in  a 
given  time  undergoes  the  greateft  fridtion,  will  give  its  fire  to  the 
other.  Let  us  iuppofe  the  cafe  mentioned  above,  of  a  band  of 
black  velvet  wrapped  around  the  cylinder,  and  rubbed  with  a 
fimilar  piece  of  black  velvet:  the  fridtion  which  the  latter  piece 
undergoes,  is  to  that  undergone  by  the  former,  as  the  revolving 
circumference  covered  by  the  faid  band,  is  to  the  arch  occupied 
by  the  piece  of  velvet  by  which  it  is  rubbed  :  fo  that  if  the  re¬ 
volving  circumference  is  fuppofed  to  be  —  360°,  and  the  faid 
arch  zr  15°,  the  fridtion  fuffered  by  the  rubbing  piece  will  be  to 
the  friction  fuffered  by  the  rubbed  band,  as  24  is  to  1  ;  that  is, 
when  the  band  is  rubbed  once,  the  piece  is  rubbed  twenty- 
four  times. 

172.  But,  trying  afterwards  to  make  experiments  with  fubfiances 
of  different  natures,  I  found  that  the  above  law,  viz.  that  the  body 
which  fuffers  the  greatefl  fridtion,  gives  its  fire  to  the  other,  ob¬ 
tained  no  more  :  there  are ,  on  the  contrary ,  certain  JìibJìaìices  which, 
even  when  undergoing  a  much  lefs  degree  of  fridtion  than  others ,  yet 
love  to  give  their  fire  to  them.  Of  this  kind  are  refins,  fulphurs, 
oleous,  oiled,  or  even  varnifhed  fubfiances,  and  the  various  kinds 
of  filk,  efpecially  thofe  dyed  black.  When  I  rub  with  my  hand, 
with  paper,  or  with  a  piece  of  oiled  filk  covered  with  amalgam, 
a  fiick  of  fealing  wax,  or  of  refin,  or  of  fulphur,  or  a  fiick  of  wood 
varnifhed  with  oil  of  linfeed,  let  fuch  fridtion  be  performed  in 
any  manner  it  will,  the  refult  will  neverthelefs  conftantly  be,  that 
thofe  bodies,  inftead  of  giving  fire  to  the  hand  or  the  paper  by 
which  they  are  rubbed,  will  draw  the  fame  from  thence:  and  if 
the  fridtion  is  performed  on  a  ribbon  of  black  filk,  the  effedi:  will 
fiill  prove  the  fame,  and  the  ribbon  will  allo  draw  fire  from  the 

*  I  had  already  made  ali  the  above  experiments,  when  an  experiment  made  after  the 
fame  manner  by  Mr.  Bergman,  came  to  my  knowledge  (Phil.  Tranf  torn.  54.  §3.) 
•He  eledrified  by  excels  a  white  ribbon,  by  rubbing  it,  in  its  whole  length,  fuccefiively, 
sgainft  a  given  part -of  another  white  ribbon. 
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faid  hand  or  paper.  Laftly,  the  fame  piece  of  glafs  which,  as  long 
as  it  continues  polifhed,  receives  electric  fire  from  other  bodies, 
gives  its  own,  when  it  is  once  ground  with  emery,  and  rendered 
rough  $  as  Mr.  Canton  has  firfl  obferved.  I  have  a  tube  of  cryftal 
ABC  (PI.  III.  Fig.  13.)  polifhed  in  AB,  and  rendered  rough 
with  emery  in  B  C  ;  with  a  fingle  friCtion  I  electrify  it  by  excefs 
in  AB,  by  deficiency  in  B  C. 

173.  But  with  regard  to  the  property  of  certain  bodies,  of  giving 
their  own  fire,  we  may  lay  down  this  in  fome  degree  univerfal 
law,  viz.  that  metallic  bodies  have  in  themfelves  >  in  an  eminent  degree , 
this  property ,  that  when  they  are  rightly  managed  they  can  give  their 
own  fire ,  and  eleblrijy  by  excefs ,  fiuch  other  bodies  as  would  in  other 
cafes  give  theirs ,  and  be  eleBrified  themfelves  by  deficiency.  I  apply  to 
a  Machine  the  cylinder  of  wood  AB  (PI.  III.  Fig.  8.)  encom- 
pafled  all  around  with  a  very  thick  band  of  fealing-wax,  or  ful- 
phur  :  then,  with  the  fame  gilded  card,  I  can  electrify  either  that 
band,  or  the  Chain,  which  ever  I  will,  either  by  excefs  or  defi¬ 
ciency  ;  viz.  if  I  rub  with  the  naked  fide  of  the  card,  the  Chain 
will  be  electrified  by  defeCt;  if  I  rub  with  the  gilded  fide,  the 
fame  will  be  electrified  by  excefs.  Oppofite  kinds  of  electricity 
are  alfo  produced  on  a  flick  of  fealing-wax,  by  rubbing  it  alter¬ 
nately  with  the  naked  fide  of  the  card,  and  with  that  which  is 
gilded  or  filvered.  If  I  afterwards  rub  the  faid  flick  of  feal¬ 
ing-wax,  with  the  filk  cloth  covered  with  amalgam,  the  wax  be¬ 
comes  electrified  by  excefs,  with  as  much  vivacity  as  it  ever  is 
electrified  by  deficiency,  when  rubbed  with  bodies  of  another 
kind.  Likewife,  however  a  black  filk  ribbon  may  love  to  give  its 
own  fire,  yet  when  rubbed  with  the  filk  cloth  covered  with  amal¬ 
gam,  it  acquires  a  considerable  degree  of  electricity  by  excefs: 
even  the  black  velvet,  even  the  unpolifhed  glafs,  when  rubbed 
with  the  amalgam,  become  electrified  by  excefs.  And  here  we  muffc 
mention  again  the  ufefulnefs  of  the  amalgam  in  procuring  a  ftrong 
electricity  by  excefs  in  bodies,  fuch  as  glafs  and  polifhed  cryftals, 
which,  of  themfelves,  are  fo  much  inclined  to  it.  To  the  fame 
caufe  I  impute  the  ftrong  eleCtricity  I  can  excite  in  the  Chain,  by 
turning  the  plate  AB  (PI.  I.  Fig.  10.)  in  mercury  (§  35.)  And 
if  the  plate  might  be  turned  with  a  greater  degree  of  velocity, 

without 
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without  fcattering  the  mercury»  I  fhould  prefer  that  method  of 
exciting  eledricity  to  any  other  :  thus  all  trouble  with  regard  to 
ordering  the  cufhions  and  keeping  them  clean,  would  be  avoided, 
as  well  as  the  neceffary  care  to  make  them  prefs  againft  the  plate 
fufficiently  and  uniformly  ;  which  circumftance  I  do  not  know  it 
it  ever  can  be,  after  all,  fo  well  obtained  as  it  is  with  mercury  ; 
which,  in  confequence  of  its  weight,  continually  preifes  againft 
the  plate. 

174.  I  fhall  finifh  with  relating  how  by  rubbing  with  a  metallic 
furface,  I  have  changed  into  an  electricity  by  excefs,  the  ftrongeft 
eledricity  by  deficiency  that  ever  was  excited.  I  procure  the 
latter  electricity  by  rubbing  a  band  of  black  velvet,  applied  round 
the  cylinder  (PI.  III.  Fig.  12.)  and  entirely  freed  from  moifture 
by  the  help  of  the  fkin  of  a  wild  cat,  made  very  warm;  I  obtain 
from  that  velvet  an  electricity  by  deficiency  in  the  Chain,  as  ftrong, 
at  leaft,  as  any  electricity  by  excefs  I  can  raife  in  it  by  the  help  of 
the  cylinder,  globe,  or  plate  ;  which,  by  the  by,  (hews  that  the 
electricity  by  deficiency  does  not  differ  only  in  degree  of  intenfity 
from  the  electricity  by  excefs.  But  afterwards,  to  return  to  our 
object,  if  I  rub  the  fame  band  of  black  velvet  with  the  amalga¬ 
mated  cloth,  that  powerful  deficiency  in  the  Chain  is  gradually 
turned  into  a  pretty  confiderable  excefs. 

175.  I  (hall  propofe  here  fome  queftions.  May  not  we  impute 
fuch  a  propriety  in  metals,  of  giving  their  own  fire,  to  their  being 
deferent  in  the  greateft  degree  ?  May  not  we  impute  to  the  fame 
principle  the  increafe  of  efficiency  in  the  cufhions  or  fingers  that 
rub  the  glafs,  when  they  have  been  previoully  made  wet,  and  that 
an  humid  vapour,  (as  being  deferent)  like  metals,  increafes  elec¬ 
tricity  ?  We  (hall  fee  afterwards  that  the  common  fire  propagates 
itfelf  with  more  eafe  through  fuch  bodies  as  conduct  eafily  the 
electric  fire,  than  through  fuch  as  poflefs  that  quality  in  a  lefs  de¬ 
gree;  and  that  the  electrical  fire  produces  with  the  greateft  rapidity 
thofe  very  fame  effects  which  the  common  fire  is  ufed  to  produce 
fiowly.  May  it  not  be  that  thofe  two  kinds  of  fire  only  differ 
in  their  degrees  of  purity  ;  that  is,  that  the  electrical  fire  is  free 
from  thofe  particles  of  other  fubftances  within  which  the  com¬ 
mon  is  in  a  manner  imprifoned  ?  A  rubbing  body  contracts  more 
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heat  than  a  rubbed  body  ;  may  not  the  reafon  be  that  the  body 
that  rubs  actually  diffufes  its  own  fire  into  the  other  ?  I  once  re¬ 
peated  the  ingenious  experiment  of  Mr.  Bergman,  by  moving  the 
lame  part  of  a  white  ribbon,  not  warmed,  along  the  furface  of 
another  white  filk  ribbon,  ftretched  over  lighted  charcoal,  and 
confequently  warmed  to  a  great  degree,  when  the  rubbing  ribbon, 
which  was  cold,  became  electrified  by  excefs  ;  the  rubbed  ribbon, 
which  was  warm,  became  electrified  by  deficiency.  Is  not  the 
inflammability  of  refins,  fulphurs,  and  other  oiled  fubflances,  the 
caufe  why  fuch  bodies  are  inclined  to  be  electrified  by  deficiency, 
fince  in  confequence  of  fuch  inflammability  they  receive,  when 
rubbed,  a  greater  degree  of  heat  ?  And  may  not  the  great  quan¬ 
tity  of  phlogiftic  with  which  metallic  fubflances  abound,  as  well 
as  the  great  eafe  with  which  common  fire  moves  within  them,  be 
the  reafon  why  metallic  fubflances  quickly  contract  by  a  friction* 
a  confiderable  degree  of  heat,  and  are  thus  difpofed  to  give  their 
electric  fire  in  the  higheft  degree  ?  We  fhall  fee  that  when  me¬ 
tallic  bodies  are  melted  by  lightning,  the  bodies  near  them  are 
much  expofed  to  be  burnt  by  the  phlogiflic  which  is  then  freed 
out  of  them  :  we  may  add  to  the  above  conjectures,  that  glafs, 
when  unpolilhed,  alfo  contracts  heat  more  eafily  on  account  of  the 
feparation  between  the  parts  which  compofe  its  furface,  and  of 
their  fmallnefs;  in  the  fame  manner  as  inflammable  bodies  are  the 

more  eafily  kindled,  as  their  furface  has  a  greater  ratio  to  their 
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SECTION  IL 

On  the  Theory  of  infulating  bodies,  with  regard  to  the 
charging  and  difcharging  o(  them. 

376.  If  Confine  the  fubjedt  of  this  fe&ion  to  the  charging  and 
JL  difcharging  of  infulating  bodies,  as  the  treating  of  thofe 
different  operations  will  be  fomewhat  long;  and  befides,  I  muft 
treat  feparately  of  the  particular  property  of  the  vindicating  elec¬ 
tricity;  a  fubjedt  which  I  have  amply  explained  in  the  book  enti¬ 
tled,  Experiment  a  atque  obfervationes  quibus  eleBricitas  vindex 
confituitur,  atque  explicatur.  Taurini,  1769  :  nor  can  I  give  a  con¬ 
venient  abridged  expofition  of  that  property,  before  I  have  treated 
of  the  different  kinds-  of  eledtrical  motions. 

CHAR  L 

In  which  the  theory  of  infulating  bodies ,  with  regard  to  the  charging 
and  difcharging  of  them  is  explained ,  and  proved  by  the  help  of  the 
brufh  and  little  far,  on  plates  of  glafs  efpecially  ;  and  is  extended  to 
pieces  of  glafs  of  various  Jhapes,  and  to  other  infulating  bodies. 

177.  TN  the  year  1746,  Mr.  Mufchenbroek  endeavouring  to 
JL  increafe  the  electricity  of  deferent  bodies,,  by  furrounding 
them  with  fuch  bodies  as  might  mod  exadtly  infialate  them,  put 
fonie  water  (a  body  which  is  deferent  to  a  confiderable  degree) 
into  a  bottle  of  glafs  ;  the  latter  body  being  much  more  compact 
than  the  air,  was  confequently  much  more  capable,  of  infulating 
the  water:  then  the  faid  gentleman  formed,  with  a  rod  of  metals 
a  communication  between  the  Chain  and  the  water  in  the  bottle 
he  then  grafped  the  bottom  of  the  bottle  with  one  of  his  hands, 
and  no  fooner  had  he  touched  the  rod  which  from  the  Chain  was 
let  into  it,  in  order  to  remove  the  bottle,  but  he  received  a  ftrong 
fhock,  which  was  accompanied  by  a  loud  fpark,  which  rufhed  to 
his  hand  from  the  faid  rod ..  Such  is  the  origin  of  the  denomina¬ 
tions,. 
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tions,  experiment  oj  Leyden ,  and  bottle  of  Leyden  :  fince  that  time 
other  phrafes  have  been  ufed,  as  of  charging  glades,  that  is,  of 
introducing  into  them  a  ftrong  dofe  of  eledricity  ;  and  of  difcharg- 
ing  them,  that  is,  of  taking  from  them  the  introduced  eledricity. 

178.  No  later  than  the  year  1747,  Dr.  Benjamin  Franklin 
analyfed  that  experiment  ;  and  here  is  the  fubftance  of  the  theory 
he  laid  down.  I.  A  body,  in  order  to  its  being  capable  of  being  charged , 
muf  be  inflated,  impenetrable ,  fujficiently  ample ,  and  fnjjiciently  thim 
This  body  mud;  be  infulating,  that  is,  of  fuch  nature  as  not  to 
allow  the  eledrical  fire  to  move  from  one  place  of  it  to  another, 
either  along  its  lurface,  or  through  its  fubftance  :  it  muft  be  im¬ 
penetrable,  that  is,  befides  its  being  infulating,  it  muft  be  corn- 
pad  enough  to  keep  the  eledrical  fire  from  making  its  way  from 
one  of  the  oppofite  furfaces  of  it,  to  the  other,  either  through  the 
interftices  of  the  rare  texture  of  it,  like  that  for  inftance  of  a  filk 
cloth  -,  or  through  any  fmall  fiflurej  or  alfo  through  a  mixture  of 
deferent  particles  that  might  form  on  its  furfaces  a  fufficiently 
continued  feries.  Again,  fuch  body  muft  be  fufficiently  ample,  as 
all  other  circumftances  being  equal,  the  quantity  of  the  charge  on 
a  body  muft  be  proportioned  to  its  fize.  And  it  muft  be  fufficiently 
thin,  becaufe  all  other  circumftances  being  again  fuppofed  equal, 
the  quantity  of  its  charge  will  be  proportioned  to  its  thinnefs  ; 
though,  it  muft  be  added,  that  fuch  thinnefs  muft  not  be  neither 
lo  much  to  the  detriment  of  the  necefifary  folidity,  as  to  allow  the 
force  of  the  charge  to  break  thè  too  weak  fubftance  of  the  body. 

179.  II.  In  order  to  produce  the  charge ,  an  ample  communication 
muf  be  ef  ahi  fed  between  the  two  oppofed  furfaces  of  the  infulating 
fubflance  ( taking  care  that  one  of  the  faid  furfaces  communicates  not 
with  the  other J  and  two  different  fy ferns,  the  one  of  which ,  at 
leaf ,  muf  be  adlually  elebirified.  Becaufe,  the  quantity  of  the  two 
equal  contrary  eledricities  that  will  take  place  on  the  two  oppofed 
furfaces,  and  which  conftitutes  that  which  we  call  the  charge ,  will 
be  proportioned  to  the  quantities  of  the  contrary  eledricities 
railed  in  the  two  fyftems  jointly  -,  or,  if  an  eledricity  is  excited  in 
only  one  of  the  two  fyftems,  to  the  quantify  alone  of  that  elec¬ 
tricity.  Let  D  C  reprefent  the  profile  of  a  large  plate  of  glafs 
(PI.  IV.  Fig.  1.)  let  Fa  E  reprefent  the  communication  between 
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one  furface  of  the  fame  and  the  Chain,  and  HbG  the  communi¬ 
cation  between  the  other  furface  and  the  Machine.  The  excefiive 
fire  which  the  rubbed  glafs  tranfmits  to  the  Chain,  will  be  accu¬ 
mulated  in  a  great  quantity  on  the  furface  F  a  E  ;  and,  though  it 
does  not  penetrate  through  the  fubftance  of  the  glafs,  will  drive  an 
equal  quantity  of  natural  fire  from  the  other  furface  HbG.  And, 
reciprocally,  the  force  of  the  cylinder,  by  its  drawing  a  great  quantity 
of  fire  from  the  Machine,  will  coniequently  draw  a  great  quantity 
from  the  oppofed  furface  Hb  G  of  the  plate,  annexed  to  it;  and,  at 
the  fame  time,  enable  a  great  quantity  of  excefiive  fire  to  run  from 
the  Chain  to  the  furface  F  a  E  :  the  concourfe  of  thofe  two  forces 
will  thus  accelerate  the  formation  of  the  two  contrary  electricities, 
and  augment  their  quantity  in  proportion  as  the  natural  fire  will  be 
enabled  to  efcape  from  one  of  the  furfaces,  and  the  excefiive  fire 
to  accumulate  itfelf  on  the  other.  If  one  of  the  furfaces  v.  g . 
F  a  E  communicates  either  with  the  Chain,  or  with  the  Machine, 
and  the  other  furface  communicates  with  the  ground,  (which  is 
the  common  way  of  making  the  experiment)  the  excefiive  fire 
that  will  flow  into  F  a  E,  will  fuffice  to  drive  the  natural  fire  from 
HbG  ;  or  the  natural  fire  that  is  extracted  from  the  furface  Fa  E 
(in  cafe  it  is  made  to  communicate  with  the  Machine)  will  fuf¬ 
fice  to  enable  a  quantity  of  excefiive  fire  to  run  into  HbG ,  but 
the  operation  will  in  that  cafe  be  flower  and  lefs  efficacious,  juft 
as  we  have  feen,  in  §  122,  the  brulli  direCt  itfelf  with  a  much 
greater  force  from  the  Chain  to  the  Machine,  than  from  the 
Chain  to  indifferent  bodies,  or  from  indifferent  bodies  to  the 
Machine. 

1  Bo.  I  muft  add,  that  a  communication  of  the  two  furfaces 
with  two  different  fyftems  is  abfolutely  requifite  :  becaufe  the  ex - 
cefive  fire  cannot  accumulate  itfelf  on  one  of  the  two  furfaces ,  without 
the  oppofed  furface  communicates  with  a  fyfem  into  which  it  may ,  in 
the  mean  time ,  transfnfe  its  own  natural  fre  :  nor  can  one  of  the  fur¬ 
faces  transjufe  its  own  natural  fre>  without  the  oppofed  furface  com¬ 
municates  with  a  fyfem  from  which  exceffive  fre  may  fow  into  it. 
That  is,  the  charging  of  an  infulating  body  is  effected  by  raifing 
at  once,  and  in  equal  degrees,  the  two  contrary  electricities  on 
the  two  furfaces  of  the  faid  body;  either  through  the  aCtion  of 

two 
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two  fyfiems  animated  by  contrary  ele&ricities,  or  through  the 
a&ion  of  an  animated  fyflem  on  one  furface,  while  a  communica¬ 
tion  remains  efiablifhed  between  the  other  furface,  and  the  indif¬ 
ferent  fyfiem. 

1 3 1 .  Ill  Laftly,  in  order  to  effect  a  dif charge,  a  communication 
miift  be  introduced  between  the  two  furface s  of  the  infulating  body , 
when  loaded  as  above  with  equal  degrees  of  contrary  electricities.  This 
is  becaufe  the  two  equal  contrary  electricities  are  no  lets  dependent 
on  each  other,  with  regard  to  their  being  defiroyed,  than  as  to 
their  being  produced:  that  is,  as  a  quantity  of  excefilve  fire  can¬ 
not  be  introduced  into  one  furface,  but  inafmuch  as  an  equal  dofe  of 
natural  fire  can  quit  the  other  furface;  fo  vice  verfd,  a  quantity 
of  excefilve  fire  introduced  into  one  furface,  cannot  be  taken  off, 
but  inafmuch  as  the  natural  fire  taken  from  the  other,  is  reftored 
to  it.  Confequently,  as  foon  as  a  communication  diali  be  com¬ 
pleted  between  the  two  furfaces  of  the  infulating  charged  body, 
by  the  means  of  one  or  more  continued  deferent  bodies,  the  ex- 
cefiive  fire  will  burft  from  that  furface  on  which  it  was  accumu- 
mulated,  and  rufh  to  the  other  furface  which  was  deprived  of  an 
equal  portion  of  natural  fire;  and  thus  the  infulating  body  will' 
find  itfelf  difcharged,  that  is  to  fay,  will  find  itfelf  with  its  two 
furfaces  refiored  to  their  natural  quantity  of  fire. 

182.  In  fliort,  the  eficCt  of  a  charge  is  to  make  the  natural  fire 
of  the  infulating  body  change  its  pofition  without  changing  its 
quantity  ;  any  portion  that  may  be  added  to  one  furface,  is  con- 
fiantly  taken  from  the  other;  the  fire  in  confequence  of  the  dif- 
charge  does  not  decreafe,  it  only  returns  to  its  natural  pofition. 

183.  Hitherto  I  have  only  had  for  my  object  to  give  an  abridg¬ 
ment  of  the  theory;  lam  now  going  to  dernonftrate  it,  by  the 
help  of  the  figns  of  the  bruflo  and  the  Jiar ,  as  being  the  mofi  pro¬ 
per  to  render  it  evident.  I.  I  hold  by  one  of  its  angles,  a  plate  of 
glafs  A  B  (PI.  VII.  Fig.  8.)  which  rnufi  be  thin  and  dry,  and  at 
fiifi  only  prefent  it  to  the  brufh  D,  which  fprings  with  vivacity 
from  the  rod  C  D  annexed  to  the  conductor  Y ;  when  the  brufh 
veiy  foon  ceales  and  difappears  :  that  is  to  fay,  the  electric  fire 
thrown  at  firfi  by  iuch  brulli,  cannot  flow  along  the  furface  of  the 
animating  glafs,  nor  go  through  its  compadi  fubftance  and  get  at 

my 
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tny  hand  ;  nor  again  adhere  to  the  furface  of  the  glafs  but  in  a 
fmall  quantity,  equal  to  fuch  portion  as  it  may  drive  from  the  op- 
pofed  furface  of  it,  into  the  contiguous  air. 

184.  II.  But  afterwards,  if  I  prefent  to  the  inferior  part  of  the 
plate  another  rod  E  F}  Handing  in  the  fame  line  with  the  point 
C  D ,  the  brufh  then  revives  on  the  point  D  of  the  rod  CD;  and, 
correfponding  to  it,  the  flar  appears  on  the  point  E  of  the  rod 
EF  :  that  is,  the  exceffive  fire  of  the  brufh  is  now  enabled  to 
diffufe  itfelf  along  the  fuperior  furface  of  the  plate,  and  then  unite 
with  the  natural  fire  in  it  ;  becaufe  the  natural  fire  of  the  inferior 
furface  now  can  pafs  into  the  deferent  rod  E  F,  and  through  it 
into  the  ground. 

185.  III.  But  it  is  to  be  obferved,  that  if  the  two  rods  remain 
directed  to  the  fame  part  of  the  plate  of  glafs,  the  fiar  and  brufh 
foon  grow  languid  and  fail.  In  order  to  revive  them  I  mud  bring 
the  rods  nearer  to  the  plate  ;  but  although  they  may  at  laft  be¬ 
come  fo  near  as  to  touch  it,  if  they  ftill  remain  dire&ed  to  the 
fame  part,  all  light  will  ceafe  to  appear  on  the  points.  Whence  it 
follows,  that  given  portions  only  of  eledlrical  fire  can  be  added  to, 
and  taken  from,  given  oppofed  parts  of  the  plate.  One  furface  re¬ 
fills  the  more  againll  receiving  new  fire,  as  it  has  already  received 
more;  and  the  other  furface  refills  the  more  againll:  giving  its 
fire,  as  it  has  already  given  more:  all  which,  if  it  is  attentively 
confidered,  will  be  found  conformable  to  the  law  of  dijlributiom 
(§  86.)  it  is  therefore  very  natural  that  while  the  points  remain 
dire&ed  to  the  fame  oppofite  parts,  the  brufh  and  liar,  that  is, 
the  fire  that  flows  to  one  furface,  and  that  which  leaves  the  other, 
Ihould  firfl  decreafe  and  then  fail. 

1 86.  IV.  But  if  I  move  the  plate  horizontally  between  the  two 
points,  fo  as  to  make  different  parts  of  it  fucceffively  correfpond  to 
them,  the  brufh  and  liar  again  appear,  grow  languid  and  fuccef¬ 
fively  fail  ;  and,  in  fhort,  exhibit  the  fame  feries  of  appearances 
as  before,  relatively  to  all  fuch  new  parts  of  the  plate  as  are  fuc- 
ceflively  prefented  to  the  points. 

187.  V.  If  in  moving  the  plate,  I  bring  it  to  fuch  a  pofition 
between  the  points  as  to  make  the  latter  be  very  near  the  edge  of 
&t,  then  the  brufh  of  the  point  C  D  bends  itfelf  around  this  edge,  as 
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if  it  fought  to  avoid  the  glafs  ;  and  from  the  edge  bends  itfelf  again 
towards  the  point  E  F  :  that  is,  the  electric  fire  declines  going  to 
the  plate,  and  directs  itfelf  immediately  to  the  other  deferent  point. 

1 88.  VI.  If,  after  having  by  the  means  of  the  brufh  and  ftar, 
firongly  charged  the  greateft  part  of  the  furface  of  the  plate,  I 
remove  it  from  the  rod  C  D,  and  prefent  to  either  of  its  furfaces 
the  point  E  F,  the  plate  is  not  for  all  that  difeharged  :  for  as  the 
other  furface  remains  infulated,  this  furface  cannot  diffufe  away 
the  fire  with  which  it  is  loaded  ;  it  can  do  it  only  when  the  na¬ 
tural  fire,  of  which  the  latter  is  deprived,  fhall  be  enabled  to  return 
to  it. 

189.  VII.  If,  after  having  charged  the  plate  by  the  means  of 
the  brufh  and  fiar,  I  prefent  to  the  one  furface  of  it,  one  end  C 
(PL  VII.  Fig.  9.)  of  an  incurvated  metallic  rod  C  D  E  F,  and  to 
the  oppofite  furface,  the  other  end  F  ;  then  the  plate  is  dif¬ 
eharged,  that  is,  lofes  the  fire  of  its  fuperior  furface,  which  fire 
then  forms  a  fiar  on  the  point  Cj  and,  after  circulating  through 
the  rod  C  D  E  F,  forms  a  brulli  on  the  other  point  F  ;  thus  reftor- 
ing  to  the  inferior  furface  the  portion  of  fire  that  had  been  taken 
from  it. 

190.  VIII.  The  law  of  the  two  figns  appearing  on  the  two  ends 
of  the  rod  bent  towards  the  two  furfaces  of  the  charged  plate 
when  it  is  difeharged,  is  the  fame  (except  that  the  figns  appear  in 
the  contrary  places)  as  the  law  of  the  figns  manifefted  on  the  two 
points  C  D,  E  F  (PI.  VII.  P'ig.  8*.)  when  the  faid  plate  is  charged.. 
That  is,  the  fiar  does  not  appear  on  the  end  C  (PI.  VII.  Fig.  9.) 
but  as  long  as  the  brulli  appears  on  the  end  F  ;  nor  does  either  of 
them  appear  but  as  long  as  the  ends  C  and  F  are  directed  to  the 
correipondent  parts  of  the  two  oppofed  furfaces.  And  with  re¬ 
gard  to  given  parts  of  thole  furfaces,  thefe  figns  gradually,  and 
pretty  quickly,  grow  languid  and  then  fail  ;  though  they  revive 
when  the  ends  C  and  F  are  fucceffively  prefented  to  other  parts 
that  have  been  alfo  charged  ;  and,  lafily,  with  regard  to  each 
Leverai  part,  the  vividity  of  thofe  figns  defiruftors  of  the  charge, 
correfponds  to  the  vividity  of  the  contrary  figns  with  which  the 
charge  has  been  introduced  into  that  part. 

19  1.  1  repeat  the  experiment  of  introducing  the  charge  into  the 
plate  AB  by  the  means  of  the  brufh  and  fiar 5  (Pi.  Vii.  Fig.  9.) 
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then  I  place  on  the  palm  of  one  of  my  hands  a  fheet  of  leaf-tin,  like 
thofe  ufed  for  looking-glaffes  ;  and,  holding  the  plate  by  one  of 
its  angles  I  invert  it,  placing  it  upon  the  fheet.  I  then  lay  on  the 
furface  of  the  fame  hand  another  fheet,  equal  to  the  firfl,  and  place 
it  upon  the  upper  furface  of  the  plate.  In  fhort,  I  apply  the  two 
fheets  in  fuch  a  manner  to  the  two  furfaces  of  the  plate,  that  there 
be  no  communication  between  them;  and  confequently,  one 
furface  only  communicating  with  my  hand,  no  difcharge  can  hap¬ 
pen  (  1 8 1  -)  But  the  fpark  burfls  out  and  gives  me  a  fhock  in  the 
inflant  that  I  carry  my  other  hand  to  the  flieet,  placed  on  the 
upper  furface  of  the  plate.  Then  it  is  that  the  fire,  introduced  by 
the  brufh  in  the  feveral  parts  of  the  under  furface  of  the  plate, 
burfls  out  at  once,  by  the  help  of  the  deferent  metallic  flieet  ap¬ 
plied  to  it,  and  runs  through  my  body  to  replace  at  once  into  the 
upper  furface,  by  the  means  of  the  other  metallic  fheet,  the  Ere 
that  had  been  extracted  from  it. 

192.  And  this  fhock  which  I  receive  from  the  plate  clothed 
with  the  two  metallic  fheets,  and  charged  with  the  brulli  and  ftar, 
furely  allows  of  no  doubt  that  the  electricity  which  produces  it, 
does  not  lie  in  the  deferent  bodies  joined  to  the  furface  of  the  in- 
fulating  bodies,  but  entirely  in  the  furfaces  of  the  latter;  fnice 
both  metallic  fheets  had  had,  through  my  body,  a  communication 
with  the  floor,  and  could  not  confequently  have  any  el  edifici  ty  ; 
it  therefore  remains,  that  they  only  tranfmitted  the  eledlricity  in¬ 
troduced  before  into  the  plate,  when  naked. 

193.  It  has  only  been  in  order  to  render  the  theory  of  the  charge 
and  difcharge  more  manifeft,  that  I  have  begun  with  propofing 
the  experiment  of  charging,  and  afterwards  difcharging,  every 
fucceffive  part  of  the  naked  plate  by  the  help  of  the  brulli  and 
ftar  ;  but  in  the  common  way  of  experimenting,  there  is  no  ne- 
ceffity  for  repeating  thefe  tedious  operations.  To  both  furfaces 
of  the  insulating  body  deferent  bodies  need  only  to  be  adapted; 
thefe  will  completely  lpread  the  contrary  eledlricities  all  over 
the  furfaces,  when  the  charge  is  forming  ;  and  in  the  dif¬ 
charge  luddenly  and  completely  gather  the  laid  eledlricities. 
Thus,  for  inflance,  to  the  plate  A  B  CD  (PL  11.  Fig.  8.) 
let  a  flieet  of  tin  J  gh  i  be  affixed  with  a  proper  kind  of  glue; 
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let  alfo  a  margin  of  two  or  more  inches  be  left  between  the 
edges  of  the  (heet,  and  thofe  of  the  plate,  on  all  lides  ;  let  a 
fheet  of  tin,  equal  to  the  former,  be  adjufted  to  the  correfpond- 
ing  parts  of  the  other  furface  ;  and  fuch  deferent  bodies  thus  ap¬ 
plied  will  at  all  times  charge  and  difcharge  the  plate*  and  are 
called  the  coatings- . 

194.  In  the  prefent  figure,  the  plate  of  cryftal  AB  CD  is 
raifed  on  a  round  flat  piece  of  wood,  infulated  by  the  little  co¬ 
lumns  of  glafs  KL.  When  there  is  an  occafion  for  it,  I  place  on 
the  ground  the  iron  boxes  M,  N,  O,  I,  with  hot  allies  in  them  to 
preferve  from  moifture  the  naked  margins  left  on  the  plate. 
Then  I  form  a  communication  between  the  Chain  and  any  part 
of  the  coating  i f  g  h  ;  and,  in  order  that  the  fire  of  the  Chain  may 
be  tranfported  to  the  fuperior  furface,  I  form  a  communication 
between  the  ground  ;  or,  what  is  ftill  better,  between  the  infulated 
Machine  (179)  and  the  coating  of  the  inferior  furface  :  and  thus, 
in  a  little  time,  a  great  deal  of  exceflive  fire  is  accumulated  on 
the  fuperior  furface  of  the  plate,  while  an  equal  quantity  has  ran 
away  from  the  inferior  furface  :  that  is  to  fay,  the  charge  is  com¬ 
pleted.  In  order,  afterwards,  to  effect  a  difcharge,  I  make  ufe  of 
a  rod  of  brafs  O  N  M,  terminated  by  two  balls,  likewife  of  brafs  ; 
I  then  bring  the  ball  O  into  contact  with  the  inferior  coating ,  and 
when  I  prefent  the  other  ball  M  to  the  fuperior  one,  then 
a  ftrong  fpark  (proportioned,  *  all  other  circumflances  being, 
equal,  to  the  extent  of  the  coating )  is  thrown  out.  I  call  the 
brafs  rod,  from  the  office  I  make  it  perform,  the  conducting  bow 
and  a  plate,  thus  armed  or  coated,  is  ufually  called  with  us,  the 
pranklinian  Jquare  ;  it  being  Dr.  Franklin  who  firfl:  ufed  one  of 
fuch  a  iize  to  imitate  the  effe&s  of  lightning. 

195.  But  in  experiments  that  do  not  require  flrong  fparks,  there, 
is  no  neceffity  of  u-fing  fuch  ample  plates,  which  cannot  be 
charged  but  alter  a  confiderable  time,  and  are  not  fo  manageable:. 
I  find  that  fmall  bottles  of  thin  glafs  with  a  long  neck,  are  ex¬ 
tremely  convenient;  they  are  inwardly  armed  by  being  filled  with 
water,  or  fmall  fhot  of  lead;  or  by  being  coated  inwardly  with 
the  amalgam  we  have  mentioned  before  ;  the  outward  furface  is- 
coated,  as  ufual,  with  a  Iheet  of  tin.  I  have  reprefented  two 
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fuch  bottles,  infulated  on  the  little  ftool  S  (PL  II.  Fig.  6.)  and 
four  others  armed  with  glafs  handles,  in  the  Fig.  3,  4,  5,  6,  of 
PI.  III.  The  figure  5  of  the  latter,  reprefents  a  bottle  which  is 
charging  by  receiving  a  brufh  c  from  the  Chain,  and  forming  a 
fiar  c  on  a  point  prefented  from  the  ground  B  -,  and  the  3d  figure 
reprefents  the  fame  bottle  that  is  difcharged  in  forming  the  two 
fame  figns  in  contrary  places,  on  two  points  that  communicate 
either  with  the  ground,  or  between  themfelves.  The  6th  figure 
expreffes  a  bottle  armed  with  points,  which  receiving  fire  from 
the  Chain  in  c ,  there  exhibits  a  fiar  -,  and  in  C  gives  the  brufh  to 
the  ground,  or  the  Machine  ;  and  the  4th  figure  reprefents  the 
fame  bottle  when  it  is  difcharged. 

196.  The  law  of  the  brufhes  and  ftars  is  ftill  more  diftinCtly 
expofed  in  PI.  IV.  Fig.  8.  On  the  little  bench  O  N  QJ*  a  point 
D  is  placed  ;  and,  at  fome  diftance,  a  little  column  of  glafs  is 
raifed,  which  infulates  the  large  plate  F  F,  armed  with  the  two 
coatings  H  G,  K  I  :  the  plate  prefents  two  points  B,  C  ;  the  one 
to  the  little  bench  O  N  which  communicates  with  the  ground  ; 
the  other  to  the  conductor  QjFrom  which  another  point  is  directed 
to  the  coating.  Now,  at  the  fame  time  that  the  plate  takes  its 
charge  from  the  Chain,  the  exceflive  fire,  which  runs  to  the  fur- 
face  H  G,  forms  a  brufh,  as  it  comes  out  of  A  ;  and  a  fiar  as  it 
gets  into  C  :  and  the  natural  fire  that  is  thrown  aw'ay  from  the 
oppofed  furface  K  I  forms  the  brufh  in  B,  whence  it  iftues;  and 
the  fiar  in  D,  where  it  enters.  But  if  after  having  completed  the 
charge,  I  touch  wfith  one  hand  the  conductor  and  with  the 
other  the  little  bench  O  N,  then  the  direttoli  of  the  fire  is  in¬ 
verted  in  confequence  of  the  communication  which  I  introduce 
between  the  twro  furfaces  differently  electrified  (it  is  necefiary,  in 
fuch  cafe,  that  the  points  fhould  be  placed  at  a  lefs  diftance  than 
that  indicated  in  the  figure)  that  is  to  fay,  every  fign  becomes  in¬ 
verted.  If,  in  order  to  charge  the  plate,  its  furface  H  G  were 
prefented  to  the  Machine,  the  figns,  in  the  act  of  charging,  would 
be  contrary  to  the  figns  that  appear  when  the  charge  is  taken  from 
the  Chain,  and  would  be  the  fame  as  fchofe  manifefted  when  a 
difcharge  is  made  of  a  plate  charged  from  the  Chain;  but  if  that 
fame  plate  were  now  charged  from  the  Machine,,  a  fimilar  inver- 
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lion  of  the  figns  would  take  place,  whenever  it  ffiould  be  dif- 
charged. 

197.  Any  perfon  who  will  repeat  the  experiments  of  charging 
and  difcharging  naked  or  coated  glafles  by  the  means  of  the  brufh 
and  fiar,  and  will  proceed  with  tne  neceffary  care  and  patience, 
lliall  be  convinced  by  his  own  eyes  of  the  truth  of  the  propofed 
theory.  I  flatter  myfelf  that  I  have  fufficiently  demonflrated  the 
ilgnificancy  of  both  the  brufh  and  flar  in  Chap.  V.  of  the  preced¬ 
ing  Sedioli,  I  intend  now  to  demonflrate  that  experiment  which 
1  had  referved  for  the  lafl  part  of  this  chapter  ;  that  is  to  fay, 
how  other  infulating  bodies  (when  fufficiently  thin  and  compad) 
may  be,  like  the  glafs,  charged  and  difcharged. 

j 9 8 .  In  the  year  17^3,  1  charged  a  piece  of  native  talc.  I  took 
a  flieet  of  it  (Numb.  472  of  the  Artificial  EleSlricifin)  as  fmooth 
as  I  could  find  it,  tranfparent  in  all  its  parts,  and  free  from  fur¬ 
rows,  or  any  opaque  vein  ;  I  coat  it  in  the  fame  manner  as  a  little 
Franklinian  fquare,  and  charge  it  in  the  fame  manner.  When  I 
touch  one  of  its  furfaces  with  one  of  my  hands,  and  the  other 
furface  with  my  other  hand,  a  difcharge  is  eflfeded,  and  I  receive  a 
fm all  ihock. 

199.  I  have  fpread  fealing-wax  upon  a  piece  Gf  even  poliffied 
marble,  anointed  with  oil  of  olives,  and  heated  underneath  by  a  fire 
not  very  violent  (Vide  Numb.  149.  of  the  Terrtjirial  Atmofphe- 
rical  Eie 51  rie if /»)  ;  the  fealing-wax  was  fpread  in  fuch  a  manner  as 
to  form  a  thin  even  coating  on  the  marble  without  any  interrup¬ 
tion  or  crack:  I  then  was  able  to  charge  and  difcharge  it,  in  the 
lame  manner  as  the  Franklinian  fquare. 

200.  In  Numb.  151  of  the  fame  book,  I  was  flruck  in  the 
fame  manner  by  a  coating  of  fulphur,  fimilar  to  that  in  the  pre¬ 
ceding  paragraph.  In  Numb.  155  I  was  flruck,  though  lefs 
Arongiy,  by  a  coating  of  pitch  alone.  In  Numb.  156,  I  was 
flruck  by  a  coating  made  with  a  compound  of  equal  parts  of  rofin 
and  pitch.  In  thofe  experiments  I  not  only  convinced  myfelf 
that  all  infulating  bodies  poflefled  the  fame  propriety  as  the  glafs, 
but  made  befides,  two  obfervations.  I.  That  though  fulphur  and 
refins  receive  from  friction  an  electricity  different  from  that  of 
glafs,  however,  when  they  are  electrified  by  communication, 
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they  are  electrified  in  the  fame  manner.  II.  That  the  leaf!  crack, 
or  fiffure,  is  enough  to  hinder  the  charging  of  the  above  men¬ 
tioned  coating.  I  had  armed,  with  a  gilded  card,  a  coating  of 
fulphur,  and  could  only  obtain  from  it  a  very  fmall  fpark  ;  but 
then,  when  I  was  forming  the  charge,  I  heard,  from  time  to 
time,  a  fpark  that  leaped  from  the  one  furface  to  the  other  ; 
having  found  out  the  place,  I  cut  the  gilded  card  around  the 
crack,  which  remained  uncovered,  and  then  the  fpontaneous  fparks 
ceafed,  and  I  could  obtain  the  convenient  charge. 

20  1 .  I  increafed  afterwards  the  effects  of  thole  experiments  by 
increafing  the  fize  of  the  inftruments  I  made  ufe  of,  as  is  men¬ 
tioned  in  the  collection  of  my  new  experiments,  lent  to  the  Royal 
Society  the  14th  of  January,  1766.  The  Fig.  7.  PI.  II.  reprelents 
my  fulminating  table,  defcribed  in  the  faid  collection.  I.  I  cover 
the  furface  of  the  table  with  a  fheet  of  lead,  fo  as  to  have  three 
inches  of  margin  left  marked;  only  a  piece  of  the  fheet  gets  out 
in  E,  and  is  bent  towards  the  fide  of  the  table.  II.  To  the  four- 
fides  of  the  table,  I  fix  four  rules,  which-  are  raifed  above  it  about 
the  twelfth  part  of  an  inch  ;  fo  that  there  remains  an  empty  pa- 
rallelipepidal  capacity,  having  for  its  bafe  the  furface  of  the  table,,, 
and  for  its  height  the  twelfth  part,  of  an  inch-  III.  I  melt  a  cer¬ 
tain  quantity  of  refin  extremely  well  refined,  and  mix  with  it  an 
equal  weight  of  powder  of  marble,  thoroughly  heated,  to  exclude 
from  it  air  and  moriture.  IV".  I  pour  on  the  table  this  liquefied 
tnafs,  and  rolling  a  cylinder  on  the  abovementioned  rules,  I  level 
the  iurface  and  make  it  even  :  if,,  in  cooling,  fome  cracks  or  fif- 
fures  are  left,  1  clofe  them  with  a  hot  iron.  Laftly,  to  the  furface 
AB  of  that  fubftance,  I  adapt  the  fheet  of  lead  abcdT  difiant- 
3  ike  wife  three  inches  from  the  margin  on  all  tides  and  thus  l 
have  what  I  call  the  fulminating  table;  becaufe  if  I  make  the 
metallic  coating  abed  communicate  with  the  Chain,,  the  table 
becomes  molt  ftrongly  charged  ;  and  when  I  apply  one  head  of 
the  conducting  bow  to  the  part  of  the  inferior  plate  of  lead  that 
gets  out  in  E,  and  prefent  the  other  head  to  the  luperior  coating, 
a  fpark  flies  out  more  vehement  than  any  thrown  by  a  plate  of 
glafs  of  an  equal  fize.  Such  tables  as  this  may  be  made  of  all 
fizes,  and-  have  this  advantage,  that  refins  drawing  lefs  moifture 
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than  glafs,  they  are  more  completely  infulated*-  and  may  be 
fufficiently  charged,  even  in  damp  weather  j  but  then  they  have 
this  difadvantage,  that  through  the  viciflitudes  of  warm  and  cold 
weather,  they  become  cracked  in  a  thoufand  places. 

202.  I  have  obtained  ftill  louder  (parks  from  the  fulminating 
globe,  reprefented  in  PI.  IV.  Fig.  5.  To  conftruCt  it,  I  take,  in  the 
firft  place,  a  large  ball,  made  of  plates  of  (beets  of  brafs,  two  feet 
and  two  thirds  in  circumference,  and  this  ball,  or  globe,  ferves  as 
an  interior  coating  ;  then  I  cover  the  circumference  GCBAEFGH, 
with  a  flratum  of  refin  mixed  with  powder  of  marble,  and  this 
(Iratum  is  in  its  turn  covered  or  coated  all  over  the  fpace 
C  D  A  B  G  with  a  fheet  of  lead;  fo  that  the  body  of  the  ball  made 
of  fheets  of  brafs,  which  ferve  as  an  interior  coating,  remains  un¬ 
accompanied  by  the  exterior  coating,  in  all  the  fpace  occupied  by 
the  zone  of  cement  E  F  G  H  A  D  C,  which  remains  naked  ;  I  fuf- 
pend  the  ball  by  the  hook  H  I,  which  I  make  communicate  with 
the  Chain,  and  after  charging  it,  I  difcharge  it  by  applying 
one  head  of  the  conducting  bow  M  L  K  in  M,  to  the  (heet  of 
lead,  and  bringing  the  other  head  K  to  the  hook  I.  The  few 
fparks  I  have  obtained  from  that  fort  of  apparatus  were  extremely 
loud }  more  fo,  I  think,  than  could  be  obtained  from  glafles  of  an 
equal  dimenhon  ;  but  I  have  indeed  drawn  very  few,  every  one  of 
them  confiderably  damaging  the  cement  in  the  place  M  whence 
I  drew  them,  and  the  heat  afterwards  of  the  fummer  has  made 
it  melt  and  run.  The  furface  of  the  exterior  coating  of  that 
ball,  was  about  nine  feet  and  a  half.  Befides  its  fize,  the  (hape 
of  that  ball,  and  fome  other  particular  circumftances  that  I  (hall 
mention  hereafter,  have  contributed  to  increafe  the  charges  ;  but 
I  diali  fpeak  more  explicitly  on  that  fubjeCt  in  its  proper  place. 
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CHAP.  II. 

In  which  the  fame  theory  is  confirmed  by  fmple  charges  and  dif charges, 

made  in  different  ways . 

203.  /COMMON  fimple  charges  and  difcharges  fuffice,  if 
duly  attended  to,  to  demonflrate  the  manner  in  which 
the  fame  are  effected.  I  lay  hold  of  the  larger  part  of  one  of  the 
bottles  reprefented  in  PI.  II.  Fig.  6.  and  apply  the  hook  of  it  to  the 
Chain;  when  I  fee  the  eledrofeope  annexed  to  the  Chain  diverge 
but  flowly,  and  the  more  fo,  as  the  fize  of  the  bottle  that  is 
charging,  is  larger.  When  the  eledrofeope  has  attained  its 
greateft  divergence,  I  prefent  my  other  hand  to  the  hook  A  of  the 
bottle,  and  I  draw  a  fpark  and  receive  a  flroke,  which  are  both 
the  greater  as  the  capacity  of  the  bottle  is  greater;  that  is,  accord¬ 
ing  as  more  time  has  been  fpent  in  charging  the  fame,  and  pro¬ 
curing  to  the  eledrofeope  its  greatefl  divergence.  Now,  if  the 
exceffive  fire  had  penetrated  through  the  glafs,  it  would  have,  as  I 
held  the  glafs  in  my  hand,  diffufed  itfelf  through  my  body 
into  the  ground,  and  the  difeharge  would  not  have  had  in  the 
iflue  an  intenfity  proportioned  to  the  time  employed  in  charging; 
that  is,  to  the  fum  of  fire  that  had  been  able  to  flow  from  the 
Chain  during  that  time. 

204.  If,  after  charging  the  bottle,  I  place  myfelf  on  an  infulated 
flool,  I  am  likewife  ftruck,  and  there  remains  not  either  in  the 
bottle,  or  in  my  body,  any  eledricity ;  except  perhaps  a  little  re¬ 
main  of  charge,  otherwife  an  overplus  of  eledricity,  in  the  one  of 
'the  coatings:  cf  which  accidents  I  propofe  to  fpeak  more  at  large 
hereafter.  Now,  a  given  quantity  of  eledricity  never  is  fupprefled 
by  its  pafling  into  a  finite  capacity,  but  as  it  finds  there  an  equal 
quantity  of  a  contrary  eledricity  ;  but  there  could  be  no  fuch 
-eledricity  in  my  body,  fince  during  the  charging  it  communicated 
with  the  ground.  The  only  conclufion,  therefore,  we  can  draw,  is 
that  the  exceffive  fire,  in  its  diffufing  itfelf  from  the  interior  furface 
of  the  bottle  through  my  body,  finds  in  the  exterior  furface  of  it, 
an  equal  deficiency  of  natural  fire,  which  it  then  entirely  fills  up. 
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205.  The  charges  and  difcharges  made  with  naked  or  uncoated 
bottles,  render  Hill  more  evident  the  equality  and  reciprocal  de¬ 
pendency  of  the  two  contrary  eledricities,  that  take  place  on  the 
two  oppofite  furfaces  of  the  infulating  body.  I  touch  the  bellied 
part  of  a  naked  bottle  with  only  two  of  my  fingers,  and  I  charge 
it  in  that  manner.  I  charge  it  afterwards,  by  touching  it  with 
three,  then  with  four,  then  with  my  five  fingers.  I  charge  it  again 
by  holding  it  with  one  hand,  then  by  embracing  it  with  both  ; 
and  each  of  thefe  charges  takes  more  time  to  be  completed, 
(which  is  known  by  the  eledrofcope  taking  more  time  to  attain 
its  greatefl  divergence)  according  as  the  exterior  naked  part  of  the 
bottle  has  been  more  amply  touched  ;  that  is  to  fay,  the  exceffive 
fire  does  not  accumulate  itfelf  on  the  interior  furface,  but  corref- 
pondently  to  thole  parts  of  the  exterior  furface  which  are  touched, 
and  through  which,  therefore,  an  equal  quantity  of  natural  fire 
can  efcape. 

206.  The  charges  and  difcharges  made  with  fparks  demonflrate 
with  frill  more  clearnefs  the  mutual  dependence  of  the  two  con¬ 
trary  eledricities,  on  the  two  furfaces.  At  a  little  diHance  above 
the  luperior  coating  f g  h  i  of  the  fquare  A  B  C  D  (PI.  II.  Fig.  8.) 
is  fufpended  a  metallic  rod,  terminated  in  a  ball  ;  and  meanwhile 
the  fquare  Hands  infulated  on  the  little  column  of  glais^  K  L.  In 
fuch  a  Hate  of  things,  only  a  very  little  quantity  of  fire  flows  from 
the  ball  to  the"  fquare;  which  is,  as  much  as  can  pafs  from  the 
inferior  furface  of  the  fquare  into  its  coating,  and  as  much, 
befides,  as  is  neceflary  to  produce  in  the  fuperior  coating  an  excefs 
equal  to  that  in  the  Chain.  Befides  thofe  fmall  portions  of  fire, 
no  other,  I  faid,  flows  from  the  ball  to  the  fquare  ;  but,  after¬ 
wards,  as  often  as  I  prefen t  my  finger  (which  I  always  rapidly 
withdraw)  to  the  inferior  coating,  two  fparks  leap  in  the  very 
fame  inflant,  the  one  from  the  faid  inferior  coating  to  my  finger, 
the  other  from  the  ball  to  the  fuperior  coating  of  the  fquare. 
Thefe  fparks  are  always  equal  to  each  other  (I  perceive  better 
their  equality  when,  inflead  of  my  finger,  I  prefent  to  the  in¬ 
ferior  coating  a  ball  of  metal  equal  to  that  which  hangs  over  the 
fuperior  coating);  but  we  mufl  obferve  that  the  fuccefiive  pairs  of 
fuch  fparks,  are  continually  decreafing,  and,  meanwhile,  the  di¬ 
vergence 
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vergence  of  the  eleCtrofcope  increafes.  At  lad  the  fparks  fail,  and 
I  find  in  the  fquare  a  charge  which  is  the  dronger  according  as 
the  ball  was  nearer  to  the  fquare  ;  thè  reafon  of  this  lad  circuiti- 
dance  is,  that  an  electricity,  though  fmall  in  the  fuperior  furface 
of  the  fquare,  is  diffident  to  redrain  the  electricity  of  the  Chain, 
if  the  refidance  which  the  intermediate  air  alio  oppofes  to  the 
latter,  be  much  increafed  by  the  didance.  Mod  certainly  the 
above  experiment  demondrates  that  no  quantity,  even  the  lead,  of 
eleCtric  fire,  can  accumulate  itfelf  on  one  of  the  furfaces  of  an 

*  V 

infuiating  body,  but  inafmuch  as  equal  portions  can  be  thrown 
out  from  the  oppofite  furface. 

207.  If  the  ball  fufpended  above  the  fquare,  communicated  with 
the  Machine,  the  experiment  would  furnifh  exaCtly  the  fame  con- 
fequence,  except  with  regard  to  the  direction  of  the  fparks,  which 
then  will  be  contrary  to  what  it  was  in  the  former  cafe  :  this  alfo 
confirms  that  no  portion  whatfoever  of  fire  may  be  taken  (by 
communication)  from  the  furface  of  a  glafs,  but  inafmuch  as  an 
equal  dofe  is  fupplied  on  the  oppofite  furface. 

208.  The  difcharge  by  fparks  fpeaks  no  lefs  eloquently.  Let 
a  ball  of  metal  be  prefented  to  the  inferior  coating  of  an  infulated 
fquare  :  if  the  latter  is  fully  charged,  no  fpark  can  leap  from  the 
inferior  coating  to  the  faid  ball;  but  if  I  touch,  being  infulated, 
the  fuperior  coating  (I  mud  obferve  to  touch  a  drange  body 
when  I  have  once  touched  the  fquare)  two  equal  fparks  then 
leap  at  every  touching  ;  the  one  from  the  fuperior  coating  to 
my  finger,  and  the  other,  equal  to  the  former,  from  the  inferior 
coating  to  the  ball. 

209.  I  make  the  fame  experiments  more  expeditioudy  with  a 
bottle  A  B  (PI.  II.  Fig.  5.)  which  I  raife  by  the  help  of  the  infu¬ 
iating  handle  E  F  :  no  fpark  leaps  to  the  hook  A,  from  the  con¬ 
ductor  C,  but  as  1  prefent  my  other  hand  to  the  bottle,  and  thus 
enable  an  equal  quantity  of  natural  fire  to  leap  to  it  from  the  ex¬ 
terior  furface  of  the  bottle.  And  thus,  by  presenting  my  finger  at 
leverai  times,  fparks  after  fparks  are  excited,  and  the  charge  effected. 
The  bottle  being  charged,  I  carry  it  to  the  Machine,  which  is 
animated  by  a  contrary  electricity  ;  and  I  difcharge  it  likewife  by 
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correfponding  fparks  ;  but  thefe  prove  flronger  if  they  are  formed 
by  the  exceffive  electricity  of  the  bottle,  and  the  deficient  electri¬ 
city  of  the  Machine  together. 

210.  Befides  this  method  of  effe&ing  charges  and  difcharges  by 
the  means  of  pairs  of  fellow  fparks,  there  is  another  method,  fimi- 
lar  to  the  former,  which  1  call  charging  and  difcharging  by  alter¬ 
nation.  Such  difcharges  confili:  in  making  the  two  coatings  of 
an  infulating  body  alternately  touch  two  different  fyflems,  electri¬ 
fied  in  a  contrary  way  j  in  each  of  thefe  contacts  fparks  are  pro¬ 
duced,  which  are  proportioned  to  the  electricities  of  the  two 
fyftems,  direCtly,  and  alfo  to  the  fums  of  the  capacities  of  the 
two  coatings  ;  but  inverfely  to  the  fum  of  thofe  fparks  which  have 
preceded  them. 

2i  i.  I  hold  by  the  help  of  an  infulating  handle  F,  the  bottle 
A  B,  and  rapidly  move  it  from  the  Chain  C  to  my  finger  I  (PI.  II. 

5-)  which  I  keep  at  a  fufficient  diftance,  fo  that  the  fparks 
cannot  leap,  at  the  fame  time,  from  the  conductor  C  to  the  hook 
A,  and  from  the  bottle  B  to  my  hand  ;  and  at  every  contadi 
between  the  Chain  and  my  finger,  diftinCt  decreafing  fparks  are 
thrown,  which  continue  for  a  good  while,  but  at  lafl  become 
unperceivable  :  when  this  happens,  I  hold  with  one  hand  the  bel¬ 
lied  part  of  the  bottle,  with  the  other  I  take  the  hook,  and  then 
I  receive  a  ftroke  proportioned  to  the  number  of  the  fparks  that 
have  been  excited. 

212.  I  charge  flrongly  the  bottle,  and  holding  it  by  the  infu¬ 
lating  handle,  I  alternately  touch  the  hook  and  the  bottle,  and  the 
confequence  is,  that  equal  fparks  alternately  burli  out  between  the 
hook  and  my  finger,  and  between  my  finger  and  the  bottle  :  in 
proceeding  thus  with  patience,  thefe  fparks  will  be  found,  firfl  to 
decreafe,  and  then  totally  to  fail. 

213.  I  infulate  myfelf,  and  holding  the  bottle  by  the  hook,  I 
alternately  touch  the  Chain  with  the  faid  hook,  and  a  firange 
body,  with  the  belly  of  the  bottle;  the  bottle  becomes  charged 
by  virtue  of  the  alternative  fparks  which  then  take  place,  and  are 
in  this  cafe  very  flrong,  decreafe  very  fafl,  and  a  lefs  number  of 
them  is  in  confequence  requifite  to  complete  the  charge. 
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214.  Standing  thus  infulated,  and  continuing  to  hold  the 
charged  bottle,  a  man  placed  on  the  ground,  touches  the  hook 
and  the  bottom  of  the  bottle,  alternately  ;  and  thus  difeharges 
it,  by  a  feries  of  fparks,  which  prove  the  ftronger  as  their  num¬ 
ber  is  lefs. 

215.  I  repeat  thefe  charges  and  difeharges  in  the  very  fame 
manner  as  I  have  done  in  the  preceding  paragraphs  ;  only,  after 
having  infulated  myfelf,  I  communicate  firft  with  one,  then  with 
two,  afterwards  with  three  men,  likewife  infulated  ;  and  the 
charges,  as  well  as  difeharges,  are  completed  by  ftronger,  but 
fewer  fparks,  according  as  the  number  of  infulated  men  who  com¬ 
municate  with  either  the  exterior  or  interior  furface  of  the  bottle 
is  greater;  that  is,  according  as  the  capacity  of  the  bodies  that 
communicate  with  either  of  the  coatings  has  been  made  greater. 

216.  Thefe  experiments  may.  be  repeated  by  making  one  or 
more  infulated  men  communicate  with  the  hook,  and  likewife,  one 
or  more  infulated  men  communicate  with  the  bottle  ;  and  it  may 
then  be  obferved  that  univerfally  the  ftrength  of  the  fparks  in- 
creafes,  and  their  number  decreafes,  in  proportion  as  the  capacity 
of  one  or  both  the  coatings  of  the  bottle  increafes  ;  inafmuch, 
however,  as  the  electricity  of  the  animated  fyftem  from  which  the 
charge  is  drawn,  will  allow  it. 

217.  This  proportionality  leaves  no  doubt  as  to  the  caufe  of 
thofe  charges  and  difeharges  by  alternation.  Let  D  C  (PI.  IV. 
Fig,  1.)  reprefent  a  plate  of  glafs;  let  F  A  E  H  B  G  reprefent  the 
coatings  of  the  plate,  which  may  be  called  a  and  b .  It  muft  be 
underftood  that  the  coating  F  A  E  muft  communicate  with  the 
Chain  ;  the  other  coating  H  B  G  is  meanwhile  infulated.  As 
much  fire  will  diffufe  itfelf  through  the  coating  F  A  E,  to  the 
furface  a  of  the  plate,  as  will  efcape  from  the  other  furface  b 
into  its  own  coating  HBG;  and  moreover,  as  much  fire  will 
ftow  from  the  Chain  into  the  coating  F  A  E  as  the  capacity  of 
this  can  contain  ;  that  is,  the  fpark  from  the  Chain  to  the  plate, 
will  be  proportioned  to  the  fum  of  both  its  coatings.  This 
done,  let  the  plate  be  parted  from  the  Chain,  and  the  coating 
HBG,  brought  to  communicate  with  the  ground;  and  then  a 
fpark  will  be  thrown  from  the  coating  PI  B  G3  which 
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will  be  proportioned  to  the  quantity  of  fire  in  the  faid  coat¬ 
ing  H  B  G,  and  to  the  quantity  that  will  be  able  to  get  from  the 
other  coating  F  A  E  into  the  contiguous  lurface  a  ;  as  filch  quantity 
is  thereby  enabled  to  drive  another  quantity  equal  to  it  from 
the  oppofed  furface  b  into  the  ground:  this  fecond  fpark  will  be 
proportioned  as  we  faid,  to  the  fum  of  the  capacities  of  the  two 
coatings.  Proceeding  afterwards  to  make  the  coatings  alternately 
communicate  with  the  Chain  and  the  floor,  the  fame  way  of  rea- 
foning  will  ftand  good  ;  except  that  the  faculty  in  the  furface  a  of 
receiving  fire,  will  decreafe,  as  it  will  already  have  received  more 
of  it  ;  and  the  faculty  in  the  furface  b ,  of  giving  fire,  will  de¬ 
creafe  as  it  will  already  have  given  more  ;  therefore  the  fuccefiive 
fparks  will  be  found  to  decreafe  proportionally  ;  and  as,  after  a 
given  number  of  fparks,  the  furface  a  will  have  received  more 
fire,  and  the  furface  b  will  have  given  more,  (proportionally  to 
the  greater  fum  of  the  capacities  of  the  coatings,)  fo  a  lefs  num¬ 
ber  of  fparks  will  now  be  required  to  complete  the  charge. 

218.  Analogous  obfervations  may  be  made  on  the  difcharge  of 
the  plate.  Let  the  plate  D  C  be  charged  and  infulated.  When  I 
touch  from  the  floor  the  coating  F  A  E,  I  receive  the  exceflive 
fire  accumulated  in  it,  and  draw,  befides,  from  the  furface  a  as 
much  exceflive  fire  as  the  coating  H  B  G  can  give  to  the  other 
furface  b ,  electrified  by  deficiency.  If  I  afterwards  touch  the  coat¬ 
ing  H  B  G,  I  give  to  it ■  as  much  fire  as  can  adhere  to  the  deficient 
lurface  b  (which  is  equal  to  the  quantity  that  may  diffufe  itfelf 
from  the  abounding  furface  a  into  its  own  coating)  and  moreover, 
as  much  as  is  neceflary  to  fill  up  the  deficiency  in  the  coating 
H  B  G  ;  and  if  the  two  furfaces  are  fucceflively  and  alternately 
touched,  the  fame  efleCls  wdll  obtain,  except  that  the  fparks 
will  fucceflively  decreafe  as  the  electricity  remaining  in  the  two 
oppofed  furfaces  will  decreafe  ;  becaufe  when,  after  a  given 
number  of  fparks,  I  touch  the  coating  F  A  E,  a  lefs  portion  of 
natural  fire  mufl:  diffufe  itfelf  from  the  oppofed  coating  HBG 
into  the  contiguous  furface  A  there  to  acquire  a  deficiency  of  an 
equal  denfity  with  that  of  the  furface  b  already  diminifhed,  &c. 
And  as  the  decreafe  of  the  deficiency  in  b ,  and  of  the  excefs  in 
a>  is  accelerated  proportionably  to  the  fum  of  the  capacities  of 
7  the 
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the  coatings  ;  fo  the  number  of  the  fparks  neceflary  to  complete 
the  charge,  will  diminilh  proportionally  to  the  fum  of  the  faid 
capacities.  It  is  an  agreeable  fpeCtacle  to  fee  a  bottle  fufpended 
to  the  Chain,  when  both  (the  Chain  and  the  bottle)  are  fupplied, 
each  with  its  own  eleCtrofcope.  While  I  touch  the  Chain,  the 
threads  of  its  eleCtrofcope  fall  down,  and  thofe  cf  the  eleCtro- 
fcope  of  the  bottle  diverge,  being  become  electrified  by  deficiency  : 
if  I  touch  the  bottle,  the  threads  of  its  eleCtrofcope  fall  like  wife,  and 
thofe  of  the  Chain  diverge,  having  again  acquired  an  electricity 
bv  excefs  :  the  fparks  and  divergences  thus  continually  keep  de- 
creafing,  and  a  lefs  number  of  fparks  becomes  required  to  com¬ 
plete  the  charge,  as  the  capacity  of  the  Chain  (with  which  the 
interior  furface  of  the  bottle  communicates)  and  the  exterior 
coating  of  the  bottle  are  greater  :  fo  that  the  fparks  increafe  in 
force  as  they  diminish  in  point  of  numbers. 

219.  Therefore,  this  fame  proportionality,  while  it  dilcovers  the 
caufes  of  the  charges  and  difcharges  by  alternation,  refolves  a 
feemingly  great  objection  againfi  the  theory.  It  is  this  :  if  an 
electricity  is  produced  and  defiroyed  by  turns,  in  each  of  the  fur- 
faces  of  the  infulating  body,  though  the  other  furface  remains 
infulated,  it  feems  that  fuch  electricity  is  produced  or  defiroyed, 
though  no  correfpondent  contrary  electricity  is  produced  or  de¬ 
firoyed  at  the  fame  time,  in  the  oppofed  furface,  as  the  theory 
fhould  require.  But  an  analyfis  of  the  faCt,  grounded  on  the  con- 
fideration  of  the  aforefaid  proportionality,  proves  that  the  electri¬ 
city  which  is  thus  produced  or  defiroyed  by  thofe  alternative  con¬ 
tacts,  is  in  this  cafe  alfo  governed  by  the  contrary  electricity  that 
may  be  produced  or  defiroyed  at  the  fame  time  on  the  oppofed 
furface,  proportionally  to  the  capacity  of  the  coatings.  I  fufpend 
a  bottle  to  the  Chain  by  its  hook;  and  taking  care  that  it  be  ex¬ 
actly  infulated,  I  excite  the  eleCtriciiy  in  the  Chain.  As  foon  as 
the  two  threads  annexed  to  the  exterior  furface  begin  to  diverge, 
I  touch  the  Chain,  and  there  remains  no  electricity  either  in  the 
Chain,  or  in  any  part  of  the  bottle.  The  eleCtric  fire  of  the  Chain 
was  accumulated  on  the  interior  furface  of  the  bottle  in  as  great 
a  quantity  as  it  was  able  to  repel  other  fire  from  the  exterior 
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furface,  into  the  coating  and  the  threads,  which  were  as  a  part  of 
the  bottle;  and  all  thefe  were  in  reality  elediric  by  excefs.  Now, 
when  I  touch  the  Chain,  I  take  the  exceffive  fire  from  the  Chain 
and  the  interior  furface  of  the  bottle;  and  correfpondently,  the 
natural  fire  which  was  kept  out  of  the  exterior  furface  of  the  glafs, 
and  harboured  in  the  coating  and  threads,  falls  back  into  it. 

220.  Moreover,  this  fame  proportionality  fhews  to  us  that  it  is 
not  abfolutely  neceflary,  in  order  to  difcharge  a  bottle,  to  com¬ 
plete  a  communication  between  the  two  furfaces  ;  fince  in  touching 
them  alternately,  the  difcharge  is  completed  by  alternative  fparks  ; 
the  number  of  which  is  lefs,  as  the  capacity  of  the  coatings  is 
greater.  Whence  it  neceflarily  follows  that  if,  while  one  coating 
communicates  with  the  ground,  the  other  is  alfo  brought  to  have  a 
relatively  infinite  capacity,  the  difcharge  will  be  completed,  though 
the  latter  coating  does  not  communicate  either  with  the  other,  or 
with  the  ground.  In  fadt,  I  have  many  times,  when  my  long  deferent 
threads  with  which  I  ufe  to  try  the  atmofpheric  electricity,  have 
been  animated  with  a  continued,  and  vehement,  though  not  ful¬ 
minating  eleClricity.  I  have,  I  fay,  often  taken  a  pleafure  to  touch 
the  faid  threads  (ufing  always  the  neceffary  caution)  with  the  fur¬ 
face  of  a  charged  bottle,  which  furface  was  replenifhed  with  an 
electricity  contrary  to  that  of  the  threads  ;  and  in  a  very  fliort 
time  the  bottle  was  difcharged,  and  even  charged  in  a  contrary 
manner.  If  as  many  men  are  infulated  as  will  equal  the  capacity 
of  the  bottle,  and  all  communicate  together  ;  when  I  prefent  to  them 
the  hook  of  a  charged  bottle,  I  impart  to  them  the  half  part  of  its 
exceffive  fire,  and,  in  the  fame  time,  the  ground  will  fupply  the 
exterior  furface  with  the  half  part  of  that  fire  of  which  it  has  been 
deprived.  If  the  capacity  of  the  infulated  men  is  a  thoufand  times 
greater  than  the  capacity  of  the  bottle,  only  one  thoufandth  part 
of  the  charge  will  remain  in  it.  It  is  true  that  a  difcharge  thus 
made  by  forming  a  communication  between  the  oppofed  furfaces 
of  the  bottle,  and  two  feparated  fyftems,  will  be  lefs  violent  than 
il  it  were  effected  by  forming  the  communication  between  the 
two  oppofed  furfaces,  juft  as  a  fpark  by  excefs  and  deficiency  to¬ 
gether,  will  be  lefs  violent  than  a  fpark  produced  by  an  excefs 
aione,  or  by  a  deficiency  alone. 


221.  Laftly, 
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22 r.  Laftly,  it  follows  as  a  neceffary  confequence  of  all  thefe 
experiments,  that  each  of  the  contrary  ele&ricities  that  may  be 
introduced  on  the  two  oppofed  furfaces  of  an  infulating  body,  fur- 
paffes  by  far  any  ele&ricity  that  may  be  introduced  into  a  deferent 
body,  even  of  a  much  larger  dimension  : — thus  a  hundred  fparks 
given  to  a  coating,  will  neverthelefs  introduce  into  the  plate,  it- 
felf,  but  a  fmall  charge.  Let  us  add  here  an  experiment  which 
may  be  called  a  charge  by  dimidiated  alternation  :  I  infiliate  myfelf 
between  the  Chain,  and  a  bottle  which  communicates  with  the 
ground;  and  I  draw  fucceffve  fparks  from  the  Chain,  to  which  I 
prefent,  at  different  times,  the  hook  of  the  bottle:  after  a  hun¬ 
dred  fuch  fparks  the  bottle  is  found  to  be  but  imperfe&ly  charged. 

222.  The  fame  is  Hill  better  proved  by  difcharges.  Standing 
upon  the  ground  and  holding  the  bottom  of  a  charged  bottle,  I 
alternately  prefent  the  hook  of  it  to  the  hand  of  an  infulated  man, 
and  touch  the  man,  after  removing  the  bottle  :  after  a  hundred 
fuch  alternative  operations,  the  bottle  has  electricity  enough  left 
to  give  me  a  ftroke. 

223.  We  diali  fee  in  its  proper  place,  that  the  great  capacity  of 
infulating  bodies  arifes  from  the  combination  of  the  two  elec¬ 
tricities  that  take  place  on  both  their  furfaces.  If  from  the 
exceffive  thicknefs  of  thefe  bodies,  or  in  general,  a  want  of  com¬ 
munication  between  their  oppofed  furfaces,  fuch  combination  is 
prevented,  no  greater  quantity  of  fire  can  be  accumulated  on,  or 
taken  from,  them,  by  the  mere  help  of  a  communication  with 
the  Chain,  than  what  could  be  added  to,  or  taken  from,  deferent 
bodies.  We  Ihall  fee  befides,  that  the  capacity  of  deferent  bo¬ 
dies  is  no  more  than  that  of  their  furfaces.  Let  us  now  proceed 
to  other  fimple  charges  and  difcharges,  made  in  different  ways. 

224.  Among  them  are  the  charges  and  difcharges  made  by  the 
means  of  brujhes  of  water  ;  which  ferve  dill  better  to  confirm  the 
theory.  From  the  conductor  C  (PI.  IV.  Fig.  2.)  a  rod  of  brafs  is 
fufpended,  which  dips  in  the  water  of  the  bafon  K  I,  placed  on  a 
dool  of  cement  ML;  I  hold  by  the  infulating  handle  A  B  the 
bottle  C  D,  into  which  one  arm  of  the  fiphon  P  AF,  is  alfo  dipped, 
and  the  water  iffues  from  the  other  arm,  and  falls  into  the  ba¬ 
fon  K  I  ;  meanwhile  I  touch  with  my  finger  E  the  outward  coat- 
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ing  of  the  bottle.  As  foon  as  the  eledricity  of  the  condudor  is 
excited,  the  brufi  of  water  P  fpreads  itfelf,  and  the  bottle  becomes 
charged. 

225.  I  repeat  the  experiment,  but  without  touching  the  exte¬ 
rior  furface  of  the  bottle  ;  when  I  find  the  brulli  of  water  is  no 
more  ;  the  bottle  takes  no  charge  ;  and  when  I  try  it,  as  I  did  juft 
now,  I  receive  no  firoke. 

226.  I  repeat  once  more  the  experiment,  but  udien  the  brulli 
ifiues  I  touch  and  leave  the  bottle  alternately  ;  the  confequence 
is,  that  the  brufh  does  not  fpread  itfelf  but  correfpondently  to 
the  time  in  which  I  touch  the  bottle;  and  the  bottle  gives  no 
firoke  but  in  proportion  with  the  time  during  which  it  has  been 
touched. 

227.  Let  now  the  bottle  be  fuppofed  charged,  let  the  bafon  lie 
on  the  ground,  and  the  communication  with  the  Chain  ceafe;  if 
1  let  the  water  ilTue  without  touching  the  outfide  of  the  bottle, 
the  brufh  does  not  fpread,  the  bottle  takes  no  charge.  If  I  take 
away  the  fiphon,  and  fubllitute  the  hook,  I  receive  a  firoke.  If  I 
conftantly  touch  the  bottle,  it  loofes  its  charge  and  I  have  no 
firoke.  If  I  touch  it  and  leave  it  by  turns,  it  is  difeharged  propor¬ 
tionally  to  the  time  during  which  I  have  touched  it  ;  and  gives  a 
firoke  which  is  proportioned  to  the  time  during  which  it  has  re¬ 
mained  untouched. 

228.  Whence  it  generally  refults  that  thefe  laws  of  the  brulli 
and  of  the  firoke,  make  it  vifible  and  audible,  that  an  eledricity 
cannot  be  raifed  on  a  furface  of  an  infulating  body,,  but  inafmucb 
as  a  contrary  electricity  is  raifed,  at  the  fame  time,  on  the  oppofed 
furface;  and  that  fuch  an  eledricity  cannot  be  taken  away  but  in- 
afmuch  as  the  contrary  eledricity  is  taken  from  the  other  furface» 

229.  Charges  and  difeharges  by  motions,  fucceed  more  eafilv, 
and  prove  the  fame  things.  I  hold  the  bottom  of  a  bottle,  and 
prelent  its  hook  to  a  pendulum  fb (Pi.  V.  Fig.  4.)  of  a  great  eledric 
capacity  (it  is  made  with,  a  fheet  of  gilded  paper,  folded  in  the 
thape  of  a  cylinder)  which  hangs  by  a  long  filk  thread,  near  either 
the  Chain,  or  the  Machine  D  -,  this  pendulum,  as  it  vibrates,  carries 
fparks  from  the  condudor  to  the  hook,  and  the  bottle  becomes 
charged.  I  afterwards  raife  the  bottle,  by  its  hook,  and  prefent  it: 
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to  the  pendulum,  and  thus  make  the  latter  carry  to  the  outfide 
of  the  bottle,  the  fire  that  had  been  driven  from  it  by  the  fire 
introduced  through  the  hook,  into  the  infide  of  it  :  and  thus  the 
bottle  is  difcharged. 

230.  I  can  likewife  difcharge  the  bottle  by  continuing  to  hold 
it  by  its  bottom,  and  keeping  the  pendulum  in  the  middle  be¬ 
tween  my  other  hand  and  the  hook  of  the  bottle  :  in  this  cafe, 
the  pendulum  takes  the  exceffive  fire  from  the  infide  of  the 
bottle,  and,  through  my  body,  carries  it  to  the  exterior  furface  of 
it  ;  this  will  equally  obtain,  whether  I  am  infulated  or  not. 

231.  In  charges,  as  well  as  difcharges,  the  pendulum  vibrates 
at  firffc  more  ftrongly,  becaufe  it  tranfports  more  fire  in  proportion 
as  it  has  yet  tranfported  lefs,  if  a  charge  is  producing;  or  in  pro¬ 
portion  as  it  has  more  to  tranfport,  if  a  difcharge  is  effected  ;  and 
the  mediations  are  thus  continually  decreafing  :  with  this  obler- 
vation,  however,  that  the  ofcillations  in  a  difcharge,  as  they  are  pro¬ 
duced  by  pofitive  and  negative  electricities  together,  are  quicker 
than  thofe  of  a  charge. 

232.  If  it  were  intended  more  minutely  to  examine  by  the  means 
ofmotions  of  a  fimple prejjlon,  the  manner  in  which  charges  and  dif¬ 
charges  are  effected,  the  truth  of  the  theory  would  appear  with 
Itili  more  clearnefs.  I.  I  fix  an  eleCtrofcope  to  the  exterior  coat¬ 
ing  of  a  bottle;  I  fufpend  this  bottle  to  the  Chain  fupplied  with 
its  own  eleCtrofcope,  and  I  conflantly  touch  the  bottom  of  the 
bottle  :  when  I  find,  that  the  eleCtrofcope  of  the  Chain  gra¬ 
dually  increafes  its  divergency,  as  the  charge  of  the  bottle  is  in- 
creafing;  but  yet,  that  the  eleCtrofcope  of  the  bottle  remains  without 
motion.  The  reafon  is  this  ; — in  proportion  as  the  exceffive  fire 
accumulates  itfelf  in  a  greater  quantity  in  the  infide  of  the  bottle, 
and  has  driven  a  greater  quantity  from  the  outfide,  it  meets  with 
a  continually  greater  refiftance  from  accumulating  itfelf  farther, 
and  driving  away  more  fire  from  the  outfide  ;  confequently,  it  is 
kept  back,  and  is  accumulated  in  a  greater  quantity  in  the  Chain. 
But  as,  at  the  fame  time,  all  the  fire  that  is  driven  from  the  outfide 
of  the  bottle,  can  flow  through  my  body  into  the  ground,  it  con¬ 
fequently  cannot  produce  any  excefs  in  the  exterior  coating  ;  nor, 
for  the  fame  reafon,  can  any  part  of  the  deficiency  produced  and 
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maintained  in  the  exterior  furface  of  the  glafs,  flop  and  manifest 
itfelf  in  the  Laid  exterior  coating. 

233.  II.  I  repeat  the  experiment  with  only  this  difference,  that 
I  now  and  then  take  my  hand  from  the  bottle  ;  and  I  obferve,  at 
every  time,  that  the  eleCtrofcope  of  the  Chain  immediately  attains 
its  greatefl  divergency  ;  and  allo,  that  the  eleCtrofcope  of  the  out- 
iì de  of  the  bottle,  acquires  divergence  proportioned  to  the  charge 
already  produced,  inverfely.  That  is  to  fay,  as  the  outfide  of  the 
botile  becomes  infulated,  no  fire  can  efcape  from  it;  no  fire,  there¬ 
fore,  can  flow  to  the  interior  furface:  confequently,  it  is  forced 
to  remain  and  accumulate  itfelf  in  the  Chain,  and  the  eleCtrof- 
cope  immediately  diverges  to  the  utmofi.  Moreover,  in  proportion 
as  the  charge  will  be  advanced,  a  lefs  quantity  of  fire  will  be 
driven  from  the  exterior  furface  of  the  glafs  into  both  its  coating 
and  the  eleCtrofcope  annexed  to  it;  fo  that  a  lefs  divergence  will 
confequently  take  place  in  the  latter;  but,  when  at  lafl:  the  charge 
is  completed,  no  divergence  will  be  perceived,  though  I  take  my 
hand  from  the  bottle. 

234.  If,  after  completing  the  charge,  we  pafs  to  the  difcharge 
of  the  bottle,  fufpended  for  inftance  to  the  Chain,  we  fhall  fee  that 
when  the  difcharge  is  effected  with  a  conducting  bow  which  is 
not  infulated,  no  divergence  will  remain  either  in  the  eleCtrofcope 
of  the  Chain,  or  in  that  of  the  bottle;  unlefs  perhaps  fome  arifes 
afterwards  from  a  remainder  of  the  overflowing  electricity,  as  I 
will  mention  hereafter.  But  then  if  I  effect  the  difcharge  with  an 
infulated  bow,  fome  divergence  will  remain  in  the  eleCtrofcope  of 
the  Chain,  and  an  equal  one  will  arife  in  the  eleCtrofcope  of  the 
bottle.  The  reafon  is,  that  when  the  contrary  electricities  of  the 
two  furfaces  of  the  bottle  will  have  deftroyed  and  compenfated 
each  other,  the  exceflive  eleCtricity  of  the  Chain  and  hook  will 
diflribute  itfelf  to  an  equal  denfity  into  the  infulated  conducting 
bow,  and  the  two  coatings  of  the  bottle.  But,  in  the  charge  of 
independency ,  which  I  fhall  defcribe  in  the  paragraph  240,  the 
conducting  bow  will  leave  no  remainder  of  eleCtricity  ;  and  the 
reafon  will  be  that,  in  that  cafe,  no  fire  will  be  accumulated 
on  one  furface  of  the  bottle  and  its  coating,  but  what  will  have 
been  entirely  extracted  from  the  oppofed  furface  and  coating. 

235.  We, 
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235.  We  might  now  difcufs  the  cafe  of  a  difcharge  of  the  bottle, 
by  alternation,  but  we  have  already  confidered  it.  To  be  fhort, 
when  a  coating  is  touched,  the  eledrofcope  annexed  to  it  falls, 
and  that  annexed  to  the  other  furface  rifes,  though,  we  mull  ob- 
ferve,  in  proportion  to  the  remainder  of  the  charge. 

236.  In  order  to  examine  the  charges  and  dilcharges  produced 
by  fuch  motions  as  refult  from  alternate  attradions  and  repulfions, 
I  ufually  prefent  to  the  coating  of  the  bottle,  a  fmail  piece 
of  tinfoil -f*,  hanging  by  a  thin  filk  thread.  And  firfl,  if,  as  in 
the  parag.  232.  I  prefent  fuch  pendulum  of  tinfoil  to  the  exterior 
coating,  it  receives' no  motion  ;  becaufe,  as  we  have  feen,  there 
is  no  eledricity  in  the  coating,  fince  it  communicates  with  the 
ground  ;  but  if  I  prefent  the  fame  to  the  Chain,  which  is,  in  a 
manner,  a  prolongation  of  the  interior  coating,  then,  if  the  filk 
thread  is  fomewhat  damp,  the  tinfoil  is  immediately  attracted  ;  or, 
if  it  be  very  dry,  I  only  need  touch  it  with  my  finger*,  and  the 
tinfoil  flies  to  the  Chain  ;  from  which  likewife  receiving  an  elec¬ 
tricity  by  excefs,  it  is  inflantly  repelled.  In  this  fiate  of  things,  if 
I  prefent  that  fame  piece  of  tinfoil  to  the  exterior  coating,  it  is  at- 
traded  by  it,  as  it  would  be  by  any  other  part  of  the  ground  :  fo  that 
it  diffufes  into  the  coating,  or  into  the  floor  with  which  the  .coat¬ 
ing  communicates  through  my  body,  all  the  excefs  it  has  received 
from  the  Chain,  or  rather  from  the  interior  coating.  If  I  prefent 
it  again  to  the  Chain,  and  if  it  be  very  dry,  it  will  not  be  either 
attraded  or  repelled,  till  it  has  been  touched. 

237.  II,  in  the  cafe  of  the  No.  233.  the  piece  of  tinfoil,  when 
repelled  by  the  Chain,  is  alio  repelled  by  the  exterior  coating  ; 
which  fhows  that  this  exterior  coating,  really  becomes  eledric  by 
excefs  in  confequence  of  the  natural  fire  of  the  outfide  of  the 
glafs  which  flops  in  it,  while  I  ceafe  to  touch  it  ;  though  (which 

*  Befides  the  general  law,  that  bodies  fimilarly  eledrified  mutually  repel  each  other, 
and  differently  electrified  bodies  mutually  attract  each  other,  I  muff  here  take  it  for 
granted  (which  1  fliall  hereafter  prove)  that  a  body  not  eledrified  cannot  be  moved  by 
one  that  is  eledrified,  but  inafmuch  as  the  latter  will  be  able  by  the  means  of  its 
eledric  atmofphere  to  introduce  into  the  former  an  eledricity  contrary  to  its  own  :  and, 
in  order  that  the  Chain  may  introduce  a  contrary  eledricity  into  the  piece  of  tinfoil 
abovementioned,  it  muff  be  enabled  to  drive  away  the  natural  fire  in  it,  either  through 
the  damp  thread  annexed  to  it,  or  through  any  other  body  in  contad  with  it. 
f.  Or  German  leafibrafs. 
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is  extremely  conformable  to  all  that  has  been  faid)  this  lad  repulfion 
produced  by  the  coating,  is  lefs  ftrong  in  proportion  as  a  greater 
quantity  of  charge  has  been  introduced,  while  I  ceafed  to  touch 
it,  as  has  been  faid  before. 

238.  In  the  cafe  of  the  No.  234,  that  is,  in  the  cafe  of  a  com¬ 
plete  difcharge,  there  is  nothing  farther  to  be  obferved  with  regard 
to  the  piece  of  tinfoil,  except  perhaps  that  when  it  was  in  a  date 
of  attraction  or  repulfion,  it  would  have  been  reduced  to  its 
natural  date,  if  a  communication  had  been  formed  between  the 
two  oppofed  furfaces  of  the  glafs,  by  the  means  of  a  deferent  body 
communicating  with  the  ground  ;  or  the  fame  piece  of  tinfoil 
would  have  been  brought  into  a  date  of  repulfion  proportioned  to 
the  quantity  of  electricity  remaining  in  the  two  coatings,  (234) 
if  the  communication  had  been  only  formed  with  an  infulated  body. 

239.  We  are  now  to  examine  the  cafe  of  a  bottle  that  is 
charged,  and  has  its  two  furfaces  exactly  infulated.  Let  us  fup- 
pofe,  fird,  the  cafe  of  a  bottle  fufpended  to  the  Chain.  I.  If  the 
piece  of  tinfoil  be  prefented,  fird  of  all,  to  the  bottle,  and  even  is 
made  to  touch  it,  yet  it  will  not  move,  if  the  outward  coating  of 
the  bottle  has  been  brought  to  have  no  electricity  in  it.  II.  But 
if  the  fame  be  prefented,  fird,  to  the  Chain,  I  fhall  no  fooner  have 
touched  it,  but  it  will  be  drawn,  and  then  repelled  ;  becaufe  it 
will  find  in  the  Chain  an  excefs  correfpondent  to  that  in  the  infide 
of  the  bottle.  III.  If  the  piece  of  .tinfoil  be  immediately  prefent¬ 
ed  to  the  exterior  coating  it  will  then  be  drawn  and  repelled  by 
it;  becaufe  it  will  have  received  an  excefs  from  the  Chain,  and  w  ill 
now  find  a  correiponding  deficiency  in  the  exterior  coating.  The 
reafon  is  this  :  the  Chain,  which  is  a  prolongation  of  the  interior 
coating,  required  to  have  in  it  a  certain  excefs,  in  order  to  be  enabled 
to  maintain,  jointly  with  the  excefs  on  the  inward  furface  of  the 
glafs,  the  deficiency  in  the  exterior  furface  of  it  ;  fo  that  the  exte¬ 
rior  coating  then  retained  its  natural  quantity  of  fire  ;  now,  in 
conlequence  of  the  chain  having  drawn  the  piece  of  tinfoil,  fonie 
portion  of  its  excefs  has  been  taken  away,  it  will  of  courfe  be 
no  longer  able  to  maintain  in  the  outward  furface  of  the  glafs,  as 
great  a  deficiency  as  it  did  at  firft  ;  fome  part  of  the  natural  fire 
in  the  outward  coating  will  then  pafs  into  the  outward  furface  of 
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the  glafs  under  it;  and  confequently  that  coating  will  contract 
an  ele&ricity  by  deficiency.  IV.  Laftly,  if,  the  bottle  remaining  ex¬ 
actly  infulated,  as  above,  I  make  the  piece  of  tinfoil  vibrate  between 
my  finger  and  one  of  the  coatings,  the  pendulum  will  confiantly 
draw  from  that  coating,  a  quantity  of  electricity  equal  to  fuch  con- 
trary  electricity  as  may  flow  from  the  oppofed  furface  into  its  own 
coating:  then  the  pendulum  will  ceafe  to  vibrate,  and  mull;  be. 
prefented  to  the  other  furface,  where  it  will  begin  again  to  play, 
and  at  lati  likewife  ceafe;  and  in  fhort  a  difcharge  will  be  obtain¬ 
ed  by  ofcillations  that  alternately  ceafe  and  begin  again  :  they  are 
reproduced  by  turns,  in  the  fame  manner  as  electric  figns  are  re¬ 
produced  by  turns  between  the  Machine  and  the  ground  ;  or  be¬ 
tween  the  ground  and  the  Chain,  when  both  fyfiems  are  infulated.. 

240.  Every  body  evidently  fees  how  completely  conformable, 
thefe  motions  are  to  the  theory,  and  I  may  eafily  exempt  myfelf 
from  giving  any  farther  explanation  :  I  filali  therefore  conclude- 
this  chapter  with  a  more  explicit  account  of  a  fine  experiment  of 
Dr.  Franklin,  which  I  have  mentioned  before;  I  call  it  a  charge 
of  independency .  I  hold  by  its  bottom  B  the  bottle  A  B  annexed 
to  the  hook  of  the  condu&or  C.  (PI.  III.  Fig.  10.)  The  globe 
or  cylinder  a  b  c  d>  is  rubbed  by  a  cufhion  infulated  by  the  fup- 
port  of  glafs  V,  which  is  fixed  in  a  hole  of  the  beam  Q^(P1.  I. 
Fig.  i.)  then  I  find  the  bottle  does  not  become  charged  ;  nor  is 
the  globe  able  to  carry  into  it  any  other  fire  than  that  contained 
in  the  cufhion  itfelf.  But  if  I  join  the  outfide  of  the  bottle  to  the 
cufhion,  by  the  means  of  a  wire  of  metal  B  R,  then,  notwithftand- 
ing  that  I  do  not  touch  the  bottle,  it  becomes  charged,  and  even 
more  firongly  than  ufual  :  the  reafon  is,  becaufe  the  globe  is  fup- 
plied  with  the  fire  which  it  accumulates  in  the  inward  furface. 
of  the  glafs  from  the  very  outward  furface  of  it  ;  and  the  concur¬ 
rence,  in  this  cafe,  of  the  extracting  with  the  accumulating  force, 
increafes  the  intenfity  of  the  charge.  As  Charges  are  ufuaily  effected, 
by  making  one  of  the  furfaces  communicate  with  the  ground,  in 
this  cafe  one  of  the  tv/o  forces  is,  as  it.  were,  lofi  in  the  infinite  , 
capacity  of  it,  and  Charges  confequently  only  correfpond  to  the. 
Other  force. 

241.  Cei>* 
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241.  Certainly,  I  do  not  think  that  any  other  experiment  can 
fo  well,  and  fo  fimply  at  the  fame  time,  demonftrate  both  the 
equality  and  contrariety  of  the  two  electricities,  as  does  that,  charge 
of  independency;  efpecially  if  fuch  charge  be  compared  with  the 
difcharge  that  I  call  likewife  of  independency \ ;  which  is  effected 
by  a  Man  ftanding  infulated,  or  which  is  dill  better,  by  the  means 
of  an  infulated  bow. 


CHAP.  III. 

* 

In  which  the  theory  is  confirmed  by  a  combination  of  two  or  more 

charges  and  dificharges, 

242.  IT  Hold  with  one  of  my  hands  the  bottom  of  the  bottle 
JL  A  B,  and  with  the  other,  the  bottom  of  the  bottle  a  b 
(PI.  II.  Fig.  6.)  and  I  keep  their  hooks  in  contadi  with  the  Chain  : 
in  which  cafe,  the  eleCtrofcope  annexed  to  the  one  of  them,  at¬ 
tains  but  flowly  its  greatefl  divergence.  When  it  has  attained 
it,  I  remove  the  two  bottles  at  once,  and  place  them  on  an  infu¬ 
lated  bench;  then  I  immediately  take  again  the  bottle  A  B,  and, 
with  my  other  hand,  touch  the  hook  of  it  ;  I  do  the  fame  with 
the  bottle  a  b  ;  each  of  them  gives  me  a  ftroke  proportioned  (every 
other  circumftance  being  equal)  to  its  own  capacity.  This  is  becaufe 
the  eleClric  fire  of  the  Chain  tends  equally  to  accumulate  itfelf  in 
all  the  equal  parts  of  the  coated  inward  furfaces,  and  to  drive 
correfponding  quantities  of  natural  fire  from  the  other  outward 
furfaces. 

243.  I  charge  again  the  two  bottles  jointly,  and  in  the  fame  man¬ 
ner  ;  and  after  removing  them  from  the  Chain,  I  bring  their  hooks 
into  a  mutual  contaCt  :  but  no  light  is  produced,  no  fpark  flies, 
though  the  capacities  of  the  two  bottles  be  ever  fo  different:  this  is 
becaufe  the  fame  fiream  of  fire  being  diflributed  into  the  two 
bottles,  proportionally  to  the  capacities,  retains  in  them  an  equal 
denfity  ;  confequently,  the  two  exceffes  reciprocally  and  equally 
repel  each  other. 

244.  I  fay  that  the  two  charges  jointly  of  the  two  bottles  are 
proportioned  to  their  two  capacities  together  ;  but  this  is  when 
à  ~  other 
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other  circumfiances  are  equal.  I  make  ufe  of  two  bottles  of  the 
fame  fize,  and  the  coatings  of  which  are  equal  ;  only  the  bottle 
ab  is  thicker  than  the  bottle  A  B  :  and  the  latter  (the  thinned;) 
flrikes  me  more  violently  than  the  other.  The  reafon  is  this  ; 
the  exceffive  fire  that  flows  into  the  bottle  ab  finds  more  diffi¬ 
culty  to  drive  through  its  fubftance  the  natural  fire  from  the  op- 
pofed  furface  :  now,  as  the  exceffive  fire  cannot  accumulate  itfeif 
on  the  interior  furface  of  the  bottle,  but  in  proportion  to  the 
quantity  of  natural  fire  which  it  can  drive  from  the  outfide  of  it, 
it  follows  that  the  intenfity  of  the  charge  mufi  be  lefs  when 
the  glafs  is  thicker. 

245.  I  have  hitherto  confidered  the  cafes  of  difcharges  effeded 
fublequently  to  the  charges  $  now  I  proceed  to  examine  the  cafes 
of  charges  and  difcharges  effeded  at  once.  Having  jointly  charged 
the  two  bottles  A  B,  aJ?}  I  place  them  on  an  infulated  ftool,  then 
1  take  them  both  in  my  hands,  by  their  long  uncoated  necks, 
and  incline  them  fo  as  to  make  the  hook  a  touch  the  bottom  of 
the  bottle  B  ;  and  in  the  infant  the  communication  is  effeded,  a 
middling  fpark  is  thrown  out.  Then  I  bring  the  hook  A  into 
contad  with  the  bottom  of  the  bottle  b ,  and  at  that  infant  the 
difcharge  is  completed.  That  is  to  fav,  when  at  firf  the  bottle  B 
touches  the  hook  a ,  a  quantity  of  exceffive  fire  pafles  from  *zinto  B, 
equal  to  that  which  it  can  drive  from  A  into  the  air,  or  fuch  bo¬ 
dies  as  fand  at  a  little  difiance,  for  inf  ance,  my  hands,  and  to  the 
natural  fire  that  may  be  drawn  into/£,  from  the  air,  or  bodies  placed 
near,  by  the  joint  efficacy  of  the  deficiency  in  B,  and  excefs  in  a* 
But  when  afterwards  the  hook  A  and  the  bottle  b  are  likewife 
brought  into  contad,  all  the  excefs  in  A  throws  itfeif  out  to  fill 
up  the  deficiency  in  b  ;  becaufe  reciprocally  all  the  excefs  in  a  can 
then  run  to  fill  up  the  deficiency  in  B  :  fo  that,  examining  after¬ 
wards  the  two  bottles  I  receive  no  f  roke  (except  perhaps  from 
fome  remain  of  charge,  of  which  I  fiali  fpeak  in  its  place)  if  the 
bottles  were  of  an  equal  capacity. 

246.  The  reafon  is  this,  if  the  capacities  of  the  bottles  are  un¬ 
equal,  fuch  bottles  jointly  and  equally  charged,  and  then  made 
to  communicate  together  as  before  (the  hook  of  the  one  with  the 
bottom  of  the  other)  are  found,  after  fuch  communication,  to 
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have  contrary  electricities  on  their  homologous  furfaces ;  2nd  thefe 
electricities  are  proportioned  to  the  difference  of  their  capacities. 
Let,  for  inltance,  the  capacity  of  the  bottle  A  B,  be  to  the  ca¬ 
pacity  of  the  bottle  a  by  as  20  to  5  :  if  I  make  the  hook  of  A 
communicate  with  the  bottom  of  a  by  and  likewife  the  hook  of  a> 
with  the  bottom  of  A  B,  Ts-  of  the  excefs  in  A  will  pafs  into  b , 
and  fill  up  its  whole  deficiency;  and  the  whole  excefs  in  a  will 
pafs  into  B,  and  fill  of  its  deficiency.  In  confequence  of  this 
difcharge  of  the  fourth  part  of  the  excefs  in  the  bottle  A  B,  the 
other  a  b ,  will  be  brought  to  have  the  natural  quantity  of  fire,  on 
both  its  oppofite  furfaces  ;  that  is  to  fay,  will  be  thoroughly  dif- 
t'harged.  But  fifteen  parts  of  excefs,  we  muff  obferve,  will  re¬ 
main  in  A,  and  fifteen  parts  of  deficiency  in  B  :  thefe  remaining 
parts  will  alfo  diftribute  themfelves  into  the  two  bottles,  in 
proportion  to  their  capacities  ;  that  is  to  fay,  ^  of  the  ex¬ 
cefs  in  A  will  pafs  into  b,  and  remain  in  A  ;  and  a  quantity 
of  natural  fire  will  alfo  from  ay  pafs  into  B,  and  fupply  parts 
of  its  deficiency,  fo  that  only  -ff-  will  remain.  All  this  may 
be  proved  in  different  ways.  I.  By  feverally  difcharging  the  two 
bottles  :  both  the  light  and  crack  of  the  fpark,  as  well  as  the 
ftrength  of  the  fhock,  will  be  found  to  anfwer  to  their  refpedtive 
capacities.  II.  By  making  the  two  bottles  again  communicate, 
the  hook  of  the  one  with  the  hook  of  the  other,  and  the  bottom 
of  the  one  with  that  of  the  other  :  a  fecond  difcharge  will  in  this 
cafe  be  obtained,  which  will  alfo  be  found  to  be  proportioned  to 
the  difference  of  the  capacities  of  the  bottles.  I  have,  feveral 
times,  amufed  myfelf  to  charge,  jointly,  a  great  jar  of  cryftal, 
which  contains  within  the  capacity  of  its  lining,  fixteen  pints  of 
water,  and  a  finali  lined  jar  which  only  contains  the  fourth  part 
of  a  pint:  then,  holding  the  latter  with  an  infulating  handle,  I 
touched  at  once,  with  its  hook  and  bottom,  the  bottom  and  hook 
of  the  large  jar,  then  the  hook  and  bottom,  and  fo  on,  a  number 
of  times,  alternately;  when  I  had  no  finali  pleafure  to  obferve 
how  the  fparks  from  the  alternate  difcharges  went  gradually  de- 
creafing  ;  and  how  in  each  of  thefe  decreafing  difcharges,  two 
fhort  threads  annexed  to  the  finali  jar,  at  once  fell,  and  then  gra¬ 
dually  refumed  a  lefs  divergence  than  before  ;  while  two  threads 

annexed 


ARTIFICIAL  ELECTRICITY. 


99 


annexed  to  the  larger  jar,  without  failing,  only  loll  a  little  of  tfieir 
former  divergence. 

247.  Now,  thefe  difcharges  thus  jointly  effected  a  number  of 
times,  by  alternately  bringing  together  the  contrary  furfaces  of  two 
charged  infulating  bodies,  are  thole  difcharges  which  I  call  of 
Jirnple  dijinbution.  Let  us  now  fubjoin  an  experiment  which  cer¬ 
tainly  will  confirm  the  theory  laid  down  in  this  work  with  re¬ 
gard  to  the  caule  of  charges,  and  allo  ferve  to  illuftrate  the  man¬ 
ner  in  which  complicated  charges  and  difcharges,  which  are  the 
lubjed  of  this  chapter,  are  effected.  I  charge  a  bottle  A  B,  from 
the  Chain,  and  holding  it  by  its  bottom,  I  prefent  its  hook  to  the 
hook  of  a  fimilar  bottle  a  b ,  which  I  hold  in  my  other  hand.  At 
that  inftant,  a  fpark  flies  between  the  two  hooks,  and  I  receive  a 
fhock  :  half  part  of  the  excefs  in  the  charged  bottle  A  B  (I  fup- 
pofe  the  two  bottles  to  be  of  equal  capacities)  runs  into  the  bottle 
a  b}  which  is  without  charge  ;  and  an  equal  quantity  of  natural 
fire  runs  from  the  outward  bottom  of  the  latter,  through  my  own 
body,  to  fupply  half  part  of  the  deficiency  in  the  outward  bot¬ 
tom  of  A  B.  In  fad:,  if  I  afterwards  try  feparately  to  difcharge 
thofe  two  bottles  in  the  ufual  way,  I  receive  two  different  fhocks, 
which  I  find  to  be  equal  to  the  former  one,  and,  of  courfe,  equal 
to  each  other. 

248.  It  is  a  difficult  matter  to  find  thus  two  bottles  of  equal 
eledric  capacities.  I  try  them  by  charging  them,  jointly  :  if  their 
eledricities  exadly  deffroy  each  other,  when  I  make  their  con¬ 
trary  furfaces  communicate  together,  I  call  them  equivalent  bottles . 

249.  I  take  a  feries  of  fuch  equivalent  bottles,  A,  B,  C,  D  ; 

I  charge  the  bottle  A,  and  grafping  in  my  hand  the  bottle  B,  which 
is  without  charge,  I  bring  their  hooks  together;  half  part  of  the 
charge  in  A  diftributes  itfelf  into  the  bottle  B.  I  then  lay  by 
the  bottle  A  ;  take  up  the  bottle  C,  and  make  its  hook 
touch  the  hook  of  the  bottle  B  ;  when  the  half  of  the  charge 
juff  introduced  in  B,  diffributes  itfelf  into  C.  I  lay  by  the 
bottle  B,  take  up  D,  and  make  its  hook  communicate  with  that 
of  the  bottle  C  ;  when  again,  the  half  of  the  charge  introduced  in 
C,  diftributes  itfelf  into  D.  I  then  refume  each  of  the  four  bottles 
Jucceffively,  and  difcharge  them  in  the  ufual  way,  through  my 
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own  fubbance  ;  when,  by  eftimating  as  far  as  I  am  able,  the  in- 
tenfity  of  the  charge,  from  the  ftrength  of  the  fpaik  and  broke, 
I  find  I  mud  fay,  that  the  charge  remaining  in  A,  is  double  to  that 
remaining  in  B;  that  remaining  in  B,  double  to  that  remaining  in 
C;  and  that  in  C,  equal  to  that  in  D,  the  charge  of  which  has 
not  been  farther  divided. 

250.  But  let  us  return  to  charges  made  jointly  ;  and  fince  we 
have  examined  Jimilar joint  charges,  that  is,  thole  by  which  fimi- 
lar  electricities  are  railed  on  the  homologous  furfaces  of  the  two 
bottles;  now  let  us  confider  the  contrary  charges,  that  is,  thofe 
by  which  contrary  electricities  are  raifed  on  the  homologous  lur- 
faces,  by  applying  them  either  to  the  fame,  or  to  different  fyfiems. 
I  raife  the  bottle  a  b ,  by  its  hook,  and  keep  its  bottom  in  contaCt 
with  the  chain,  while,  with  my  other  hand,  I  hold  the  bottom 
of  the  bottle  A  B,  and  touch  the  chain  with  the  hook  annexed 
to  that  bottle.  This  done,  I  lay  the  two  charged  bottles  on  the 
infulating  bool  (PI.  II.  Fig.  6)  ;  I  then  take  them  by  their 
necks,  and  inclining  their  hooks,  I  make  the  hook  of  the  one 
communicate  with  the  bottom  of  the  other,  when  I  find  that  no 
fpark  appears.  Having  again  raifed  the  bottles,  I  touch  hook 
with  hook,  bottom  with  bottom,  and  they  are  difcharged  :  befides, 
if  while  I  approach  the  hooks  to  each  other,  I  hold  the  bottles  by  their 
bottoms,  I  receive  a  vehement  broke.  The  reafon  is  this,  all  the 
excefs  raifed  on  the  outfide  of  the  bottle  a  b,  bies  through  my 
body,  to  fill  the  deficiency  raifed  on  the  outfide  of  the  bottle 
A  B  :  mean  while  all  the  excefs  raifed  within  the  bottle  A  B, 
throws  itfelf  into  the  hook  of  the  bottle  a  b,  and  fills  the  defi¬ 
ciency  likewife  raifed  on  its  infide. 

251.  Let  the  Machine  and  Chain  beinfulated  ;  I  hold  the  bottle 
a  by  and  prefent  its  hook  to  the  Machine,  while,  with  my  other 
hand,  I  prefent  the  hook  of  the  other  bottle  to  the  Chain.  Then 
I  remove  them  at  once,  and  prefent  the  hooks  to  each  other;  when  I 
receive  a  broke,  and  the  bottles  are  difcharged.  This  is  to  be 
explained  thus  :  the  Machine  has  extracted  the  natural  fire  from  the 
infide  of  ab',  and,  through  the  Chain,  has  introduced  it  into  the 
infide  of  A  B  :  therefore  the  natural  fire  has  been  driven  from  the 
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outfide  of  AB,  and  a  quantity  of  exceflive  fire  has  been  accumu¬ 
lated  on  the  outfide  of  a  b. 

252.  We  are  now  to  treat  of  the  confecutive  joint  charges .  I 
fufpend  a  bottle  to  the  Chain  ;  it  being  thus  infulated,  takes  no 
charge.  I  touch  its  bottom  with  the  hook  of  another  bottle,  of 
which  I  grafp  the  bottom  ;  both  become  charged  ;  and,  if  I  try 
them,  give  me  a  ftroke.  If  I  touch  the  hooks  with  each  other, 
though  I  alfo  touch  the  bottom  of  the  bottle,  there  is  not  the 
lead;  beginning  of  a  charge.  If  I  grafp  the  bottom  of  ab ,  (PI. 
II.  Fig.  6.)  and  raife  A  B  by  its  hook,  fo  that  its  bottom  be 
touched  by  the  hook  of  a  b,  both  become  charged.  The  exceflive 
fire  which  accumulates  itfelf  from  the  Chain,  on  the  infide  of  the 
bottle  annexed  to  it,  drives  an  equal  quantity  of  natural  fire  from 
the  outfide  of  the  fame  bottle,  into  the  infide  of  the  other  ;*and  this 
fire,  in  its  turn,  drives  from  the  outfide  of  the  latter  bottle  through 
my  body,  an  equal  quantity  of  natural  fire. 

253.  This  experiment  may  be  made  with  three,  four,  or  more 
bottles  that  fucceffively  hang  from  one  another  by  their  hooks  : 
but  as  the  number  of  thefe  bottles  increafe,  the  intenfity  of  the 
charges  will  decreafe  :  the  reafon  is,  becaufe  the  total  thicknefs  of 
the  glafs,  proportionally  to  which  the  charges  muft  decreafe,  will 
then  be  increafed. 

254.  It  fometimes  happens  that  when  I  fucceffively  difcharge 
the  faid  bottles,  one  of  tbofe  in  the  middle  will  give  a  greater 
ftroke  than  that  before  it;  this  arifes  from  two  caufes  chiefly, 
viz.  from  the  more  exadt  infulation  of  one  of  the  fucceffive  bot¬ 
tles  ;  and  from  the  lefs  exadt  difcharge  of  that  which  is  before  it. 
If  any  portion  of  the  excefs  that  is  accumulating  in  the  infide  of  the 
preceding  bottle,  flows  from  the  inward  into  the  outward  coating 
of  it,  by  means  of  any  communication  arifing  from  dampnefs  or 
moiflure,  no  other  charge  will  take  place  within  fuch  a  bottle, 
but  what  may  arife  from  fuch  portion  of  excefs  as  cannot  efcape 
through  the  faid  different  particles  :  and  in  the  meanwhile,  if  the 
following  bottle  has  both  its  furfaces  better  feparated  from  each 
other,  in  confequence  of  a  more  exadi  infulation,  the  charge  it 
will  receive  will  be  equal  to  the  two  portions  that  will  contri¬ 
bute  to  form  it;  that  is,  both  to  the  portion  of  excefs  that  has 
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thus  externally  efcaped,  and  to  fuch  portion  of  fire  as  remained 
accumulated  within  this  fame  preceding  bottle. 

255.  Moreover,  the  charges  of  the  two  fucceffive  bottles  may 
be  equal  to  each  other,  and  yet  the  difeharges  appear  very  unequal. 
If,  for  inflance,  the  hook  of  the  preceding  bottle  has  any  part  ofit 
too  rough,  or  too  pointed,  the  difeharge  will  be  effeded  in  a  divid¬ 
ed  manner,  and  confequently  give  a  lefs  flroke.  On  the  other 
hand,  if  the  hook  of  the  fucceffive  bottle  has  in  it  any  portion  of 
momure,  of  which  the  hook  of  the  preceding  one  we  may  fuppofe 
was  free  ;  this  will  open  a  wider  way  to  the  difeharge  of  fuch 
bottle,  as  I  will  fhew  in  its  proper  place  :  whence  it  will  happen,  that 
the  fpark  leaping  more  inflantaneoufiy,  will  flrike  with  a  greater 
torce.  I  confefs  that  the  reafon  I  give  here  of  fuch  unequal  difeharges 
aiiling  from  equal  charges,  is  not  of  itfelf  very  obvious  ;  but  this  is 
became  the  in  flan  t  by  which  one  of  the  difeharges  is,  as  I  fay,  made 
longei,and  conlequently  weaker,  than  the  others,  isfofhort,  that  our 
fenies  cannot  perceive  it,  nor  find  the  difference  it  produces  between 

die  times  in  which  the  above  mentioned  difeharges  are  feverally  per¬ 
formed. 

2^6.  I  ffiall  ob  ferve  here,  by  the  by,  I.  That  fucceffive  charges  of 
bottles  may  be  effeded  in  iuch  manner  as  to  have  the  homologous 
eledricities  takeplace  on  contrary  fiirfaces  of  them.  ITI  hold,  for  in- 
ftance,  a  bottle  by  its  hook,  and  bring  its  bottom  to  touch  the  bot¬ 
tom  of  anothei  that  hangs  from  the  chain  by  its  hook,  the  latter 
will^  be  changed  by  excefs  in  its  infide,  while  the  former  is  fo 
on  ito  outfide,  &c.  II.  Any  charges  whatfoever  made  by  the 
inv.cui6  of  the  Chain,  fucceed  as  well,  though  in  a  contrary  wav,  as 
t  0  e  k y  dae  means  of  the  Machine:  that  is,  there  refults  no 

olmi  la  mence  befides  that  of  the  eledricities  produced  upon  the 
lame  fur  faces,  being  contrary,  111.  All  the  experiments  which 
i  have  defenbed  as  made  with  bottles,  will  equally  fuceeed  with 
glaLes  or  any  other  ffiapes  5  fuch  as  common  veffels,  plates,  tubes, 

J;  P^,V1  f  ley  are  thin  en°ugh,  properly  coated,  and  made  ufe 

confidently  with  tneir  form.  All  thefe  obfervations  are  too  obvi- 

Z  '  entaTTu'f  ]y  UP°“  °nir  obferve.  that 

throws  TmoTrT  tagre,em,ent  betwee‘\al> ‘he  above  experiments. 

ty  of  the  theory  “erfetìly  evident.’1'  m*k“  thecerfain- 
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257,  However,  in  fome  cafes,  a  certain  fhape  in  the  glafs  is 
more  convenient  than  another.  For  instance,  when  I  examine  how 
far  the  charges  are  leflened  by  the  thicknefs  of  the  glafs,  I  prefer 
plates  of  glafs  to  bottles,  becaufe  the  thicknefs  of  the  former 
is  more  uniform,  the  difference  between  them  is  more  eafily 
eftimated,  and  their  eledric  capacities  may  be  made  more  com¬ 
pletely  equal  to  one  another  :  they  will  not,  it  is  true,  be  fo  eafily 
managed,  but  the  exadnefs  will  be  greater,  and  the  obfervations  that 
will  refult  from  the  experiment  will  prove  more  fimple  and  eafy. 
Thus,  I  feleóì  two  plates  ABCD,  abed  (PI.  VII.  fig.  10.)  the  one 
is  thicker  than  the  other  in  a  given  proportion,  but  their  me¬ 
tallic  coatings  are  completely  equal.  I  place  one  of  the  plates 
on  one  of  my  hands,  and  the  other  plate  on  my  other,  hand; 
I  then  prefent  them  to  two  rods  of  brafs  that  proceed  from  the 
Chain  ;  and,  when  the  eledrofeope  informs  me  that  the  charges  are 
completed,  I  remove  both  plates  in  one  and  the  fame  infiant  (which 
is  eafy,  from  the  ufe  we  have  of  making  fimilar  motions  with  both 
hands  at  once)  ;  this  done,  another  perfon  immediately  takes 
both  plates  by  their  angles,  and  keeps  them  in  an  horizontal 
fituation,  at  a  proper  diftance  from  each  other;  then  I  take  with 
handles  of  fealing-wax /, /.  the  two  conduding  bows,  which  are 
bent,  the  one  in  the  fhape  the  other  in  the  fhape  and  I 

place  them  fo,  that  each  communicates  with  the  different  furface 
of  each  of  the  two  plates  ;  when  I  find  the  effed  to  be  that  the  ex¬ 
cels  in  E,  and  the  deficiency  in  H,  and  correfpondently,  the  defi¬ 
ciency  in  h,  and  the  excefs  in  e  deflroy  each  other,  as  far  as  they 
are  equal  to  each  other.  Befides,  the  overplus  of  excefs  in  E 
difiributes  itfelf;  that  portion  which  remains  in  E,  is  to  that 
portion  which  paffes  into  H,  as  the  thicknefs  of  ABCD,  is  to  the 
thicknefs  of  abed:  and  the  overplus  of  the  deficiency  in  Ji  is  com¬ 
municated  to  e  in  the  fame  proportion  :  fo  that  I  find  the  eledrici- 
ties  in  ABCD,  inverted,  and  they  are  to  the  eledricities  that  re¬ 
main  in  abed,  as  the  thicknefs  of  abed,  to  the  thicknefs  of 
ABCD. 
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CHAP.  IV. 

In  •which  the  Theory  laid  down  in  this  Work  is  confirmed,  by  charges  and 
difcharges  of  glaffes,  to  which  the  vacuum  ferve  s  as  a  coating . 

258.  "T  F  an  infulating  body,  though  capable  of  itfelf  of  taking  a 
A  charge,  be  placed  in  a  fpace  exactly  emptied  of  air,  it  cannot 
be  charged:  the  reafon  is,  that  any  quantity  of  fire  that  will  flow  to 
the  one  of  the  furfaces  of  fuch  body,  will,  in  confequence  of  the  exadt 
vacuum,  diffufe  itfelf  to  the  other  furface  ;  therefore,  there  will  be 
no  excels  in  the  one,  no  deficiency  in  the  other. 

259.  But  as  the  vacuum  in  the  air-pump  never  is  brought  to 
perfection,  then  it  follows  that  the  infulating  body  placed  in  fuch 
vacuum,  will  receive  fome  beginning  of  a  charge  ;  which  will  be 
proportioned  to  the  imperfection  of  the  faid  vacuum  ;  this  can  be 
perceived  in  that  experiment  which  I  formerly  mentioned,  in  the 
parag.  272,  of  the  Artificial  EleBricity .  Let  the  fig.  13.  of 
Plate  IV.  reprefen t  the  necefiary  apparatus,  which  confifls  of  a 
glafs  bell  emptied  of  air,  with  the  half  of  a  ball,  or  an 
hemifphere,  of  very  thin  glafs,  inverted  on  the  bafon.  The 
eledlric  ray  BC  flows  from  the  Chain,  through  the  rod  AB, 
into  the  top  of  the  Laid  hemifphere  :  the  ray  feems,  at  firfl,  to  flop 
in  C;  and,  correfpondent  to  it,  a  faint  light  appears  on  the  top  of 
the  pipe  of  metal  which  rifes  from  the  bafon  of  the  air-pump  ; 
but  loon  after,  the  eleCtric  ray  diffufes  itfelf  from  C  all  over  the 
furface  of  the  hemifphere,  and  runs  along  it  (in  D)  to  the  bafon  un¬ 
der  it  :  nor  does  this  ray  CD,  conftantly  keep  to  the  fame  track, 
but  keeps  turning  about  on  the  furface  of  the  hemifphere  of  glafs. 
Now,  both  this  flopping  of  the  ray  in  C,  and  its  turning  afterwards 
around  the  hemifphere  while  flowing  along  it,  fhow  that  a  finali  por¬ 
tion  of  excefs  is  accumulated  on  the  furface  of  the  faid  hemifphere, 
both  on  that  place  to  which  the  ray  flows  at  firfl,  and  on  thofe 
about  which  it  winds.  The  light  on  the  top  of  the  pipe  of  metal, 
indicates  that  a  finali  portion  of  fire  has  been  driven  from  the  inward 
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Furface  of  the  hemifphere,  and  in  fhort,  that  there  is  a  beginning 
of  a  charge,  at  lead;  of  a  tranfitory  one,  proportioned  to  the  imper¬ 
fect  deference  of  the  vacuum.  In  faCt,  according  as  I  let  in  any  addi¬ 
tional  portion  of  air,  the  ray  BC,  not  only  becomes  more  vifible, 
lefs  continuous,  and  narrower  ;  but  it  (tops  longer  in  C  ;  leaps  in  a 
greater  quantity  to  fuch  other  points  of  the  hemifphere  as  are  fituat- 
ed  obliquely  to  the  rod  AB  ;  fubdivides  itfelf  into  a  greater  number 
of  rays  as  it  flows  along  the  furface  of  the  hemifphere;  and  grow- 
ing  gradually  fainter,  fucceflively  vanifhes.  Correfpondently  to 
this,  more  vivid  rays  of  light  throw  themfelves,  from  the  inward 
furface  of  the  hemifphere,  into  the  top  of  the  pipe  of  metal,  and 
even  into  the  bafon,  where  the  latter  is  in  contadi  with  the  interior 
edge  of  the  hemifphere. 

260.  A  limilar  explanation  may  be  given  of  thofe  charges 
which  are  raifed  on  a  glafs  bell,  within  which  the  air  has 
been  dilated.  The  fire  which  from  the  blunted  rod  AB  (PI.  IV. 
fig.  14.)  directs  itfelf  at  firfl;  to  the  bafon,  bends  afterwards  its  courfe 
towards  the  finger  prefented  by  the  hand  C,  becaufe  as  the 
diftance  of  it  is  lefs  than  that  of  the  bafon,  the  dilated  air 
interpofed  between  it  and  the  point  B,  oppofes  lefs  refiftance 
to  the  fire,  than  the  air  equally  dilated  which  lies  between  the  faid 
point  B  and  the  bafon.  If  the  whole  palm  of  the  hand  be  la¬ 
terally  applied  to  the  glafs  bell,  a  large  quantity  of  fire  will  run  to 
the  correfponding  part  of  the  inward  furface  of  the  latter  ;  which  fire 
will  drive  an  equal  quantity  from  the  outward  furface  contiguous 
to  the  hand  :  and  thus  a  fmall  charge  may  be  obtained,  which  would 
give  a  ftroke  to  a  man  who,  keeping  his  hand  C  applied  to  the 
bell,  would  carry  his  other  hand  to  the  hook  A,  or  to  the  Chain 
with  which  the  fame  communicates.  I  fay,  a  fmall  charge,  becaufe 
the  fire  that  will  run  to  that  part  of  the  inward  furface  which  cor- 
refponds  to  the  hand,  will  flop  there  only  in  proportion  with  the 
very  fmall  refiftance  which  the  dilated  air  will  oppofe  againfl: 
its  reaching  the  bafon.  If  the  air-pump  be  infialateci,  the  charge 
can  then  be  greater,  becaufe  when  the  pump  will  be  faturatea , 
all  the  fire  will  be  determined  towards  the  hand.  Care  how¬ 
ever  mud  be  taken  that  the  glafs  bell  be  exactly  polifhed  and  dry, 
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and  of  a  glafs  diffidently  thin  ;  that  the  extremity  B  of  the  rod  be 
not  too  far  from  the  place  to  which  the  hand  is  applied;  and 
that  the  Laid  hand  be  applied  to  a  place  diffidently  didant  from  both 
the  metallic  armature  of  the  neck  of  the  glafs  bell,  and  the  baton 
on  which  the  farne  is  placed. 

261.  An  eafier  and  Wronger  charge  will  be  obtained  by  ap¬ 
plying  the  animated  fydem,  not  to  the  infide  of  the  glafs,  to 
which  the  vacuum  correfponds,  but  to  the  outfide,  which  is  fur- 
rounded  by  the  air  of  the  atmofphere.  After  the  example  of  the 
Abbé  Nollet,  I  fixed  with  cement  the  neck  B  of  a  bottle  of  thin 
glafs,  within  the  large  neck  E  of  a  glafs  bell  (PI.  III.  fig.  9.),  fo 
that  the  bottom  of  the  bottle  remained  within  the  capacity  of  the 
glafs  bell.  Having  formed  the  vacuum,  I  made  the  hook  A 
communicate  with  the  Chain,  and  the  bottle  became  very  drong- 
ly  charged  :  fo  that,  a  perfon  who  touched  with  one  hand  the 
bafon  F  G  of  the  air  pump,  and  carried  the  other  hand  to  the  hook, 
received  as  firong  a  ffiock  as  could  be  efteded  with  any  bottle  of 
the  fame  capacity.  The  Abbé  alledged  that  experiment  to  prove 
that  the  efedrical  fire  can,  as  it  were,  ooze  through  glafs,  and 
efcape  through  its  fubdance.  He  pretended  that  while  the  bottle 
was  charging,  the  rays  of  fire  never  ceafed  to  flow  from  the  in¬ 
fide  of  the  fame  to  the  bafon,  acrofs  the  dilated  air;  but  in  the 
third  volume  of  his  letters,  he  has  been  candid  enough  to  give  up 
this  opinion.  The  fad,  therefore,  is,  as  I  wrote  in  the  letter 
added  to  my  book  of  Artificial  Electricity* ,  that  in  charging  the 
bottle,  a  kind  of  lucid  femicircles  are  feen  flying  about  the  bottom 
of  it,  which  unite  together  near  the  lowed  part,  into  one  ray  that 
diredly  proceeds  to  the  bafon  of  the  air-pump.  But  thefe  femi¬ 
circles  and  ray,  after  fonie  windings,  grow  languid,  and  do  not 
appear  but  in  an  interrupted  manner,  and  in  thofe  indants 
efpecially  when  fome  more  drength  being  ufed  in  the  fridion,  the 
eledricity  of  the  glafs  is  increafed  :  when  the  fridion  is  made  uni¬ 
formly,  they  difappear  intirely.  Care  mud  be  taken,  therefore,  to 
keep  the  fridion  uniform  ;  and  above  all,  that,  while  the 
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charge  is  forming,  the  electricity  of  the  Chain  be  not  di  mini  filed 
either  by  the  vicinity  of  a  Frange  body,  or  any  other  caufe.  The 
reafon  is,  that  (hould  any  fuch  thing  happen,  the  fire  accumulated 
within  the  bottle  would  flow  back  into  the  Chain,  and  an  equal 
quantity  would  run  through  the  vacuum  of  the  glafs-bell,  to  the 
bottom  of  the  bottle  ;  fo  that  the  charge,  inftead  of  moving  forwards, 
would  move  backwards,  and  the  rays  which  would  then  be  mif- 
taken  for  a  continuation  of  the  fame  charge,  would,  in  fad,  be  the 
beginning  of  a  new  one.  The  faid  Abbé  ufed,  in  this  experiment, 
to  cover  all  the  bafon  of  the  air-pump  with  a  very  thick  layer  of 
fealing-wax,  which,  as  every  body  fees,  muff  flop,  in  confequence  of 
its  repreffing  quality  and  thicknefs,  the  ele&ric  fire  which  fprung 
out  of  the  bottle  ;  fo  that,  there  is  no  wonder  that,  not  being 
able  to  proceed  farther,  this  fire  continued  to  vibrate  and  produce 
a  light. 

262.  The  light  from  the  difcharge  of  the  above  bottle,  is  in¬ 
deed  very  different  from  the  light  produced  by  its  charge.  The  light 
from  the  former,  at  the  inftant  it  is  effected,  forms  around  the 
bottle  a  kind  of  fplendid  coat,  which,  if  attentively  confidered, 
feems  to  be  compofed  of  finali  rays,  converging  to  the  furface 
of  the  bottle.  Indeed  the  different  forms  affumed  by  the  elec¬ 
tric  fire,  in  its  fpringing  out  of  the  furface  of  the  bottle,  and  in 
its  getting  back  into  it,  might  alone  afford  proofs  of  the  difference 
of  its  directions,  in  thefe  two  cafes. 

263.  That  difcharge  which  is  made  by  touching  at  once  the 
bafon  FG,  and  the  hook  A,  is  extremely  fimple;  but  if,  inftead  of 
effecting  it  in  that  manner,  the  palm  of  the  hand  be  applied  to  the 
glafs  bell  itfelf,  nearer  to  the  bottom  of  the  bottle,  the  difcharge 
will  then  be  complicated  with  a  tranfitory  charge  of  the 
glafs  bell.  This  charge  will  arife  from  a  great  portion  of  fire 
flying  from  the  inward  furface  of  the  glafs  bell,  to  the  deficient 
bottom  of  the  bottle.  That  part  from  which  the  fire  will  fly, 
will  be  the  fame  which  correfponds  to  the  hand,  as  the  latter  can 
fupply  an  equal  excefs  on  the  outfide  of  the  bell,  and  meanwhile 
the  other  hand  diffufes  away  the  excefs  accumulated  in  the  in¬ 
fide  of  the  bottle.  The  light  which,  in  that  kind  of  difcharge, 
abundantly  fparkles  within  the  glafs  beh,  between  the  bottle 
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and  the  place  where  the  hand  lies,  is  a  fign  clear  enough  of  a  tran- 
fitory  charge  of  the  glafs  bell  ;  and  the  ftrong  fhocks  1  have  had 
from  it,  have  moreover  thoroughly  convinced  me  of  the  truth  ot 
the  obfervation.  But  fuch  charge  never  can  be,  as  I  fay,  but  a 
tranfitory  one,  becaufe  both  the  deficiency  introduced  in  the  in¬ 
ward  furfaceof  the  glafs  bell,  and  the  excefs  introduced  on  its  out¬ 
ward  furface,  can  be  diffufed  into  the  ground;  the  former  through 
the  dilated  air,  the  latter  through  my  body. 

264.  As  the  difcharge  of  the  bell  may  alfo  be  obtained  by  lim¬ 
ply  touching  the  bafon,  it  is  not  necefiarily  complicated*,  there¬ 
fore,  the  charges  and  difcharges  made  by  the  means  of  a  vacuum 
which  I  have  hitherto  explained,  may  be  called  both  Jimple  and  Jingle 
ones  ;  but  there  are  other  difcharges  alfo  made  with  a  vacuum, 
that  are  double  ox  even  treble ,  and  in  which  from  one  charge  or  dif- 
charge,  two  or  three  others  follow.  I  (hall  rank  fir  ft  among  thefe 
fuccefiive  charges  and  difcharges,  the  double  ones  effected  by  the 
Abbé  Nollet:  the  apparatus  may  be  feen  reprefented  in  Plate 
IV.  fig.  10  and  11.  It  confifts  of  a  fmall  bottle  AB  with  a 
long  neck,  which  is  emptied  of  air  and  hermetically  fealed  :  the  neck, 
which  in  the  figures  is  reprefented  as  almoft  naked,  muft  be  under- 
flood  to  be  almoft  intirely  inferted  into  a  little  tube  of  tin.  As 
foon  as  this  tube  is  joined  to  the  Chain,  copious  rays  are  feen  throw¬ 
ing  themfelves  from  the  infide  of  the  neck  of  the  bottle  thus  coated, 
towards  the  bottom  of  it.  If  a  hand  E  be  applied  to  the  outfide, 
in  B,  the  rays  then  fly  towards  it,  and  follow  each  other  more 
vivid  and  continued  than  before.  If  the  bottom  be  outwardly  coated 
with  a  fheet  of  tin  up  to  AD,  where  the  neck  begins  (Fig.  1 1.)  the 
rays  of  eledric  fire  appear  ftill  more  vivid  in  the  naked  part  of  the 
neck;  and  whether  the  naked  bottle  (Fig.  10.)  be  held  in  the 
hand,  or  the  coated  one  (Fig.  n.)t  a  fpark  flies  out  when  the  other 
hand  touches  the  little  tubeFG;  but  the  ftroke  given  by  fuch 
fpark  is  more  violent  when  drawn  from  the  coated  bottle  ;  and  the 
light  with  which  the  neck  of  the  bottle  is  then  replenifhed  is  alfo 
more  vivid  and  copious. 

£05.  I  think  that  it  will  be  fuflicient  to  fubjoin  here  the 
explanation  of  thofe  confecutive  charges  and  difcharges,  as  I 
gave  it  in  my  letter  to  the  faid  Abbé,  in  the  parag.  486,  510,  of 

my 
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my  Artificial  Electricity .  I.  The  exceffive  fire  of  the  Chain  flows 
through  the  fu  bilance  of  the  little  tube,  totheoutfide  of  the  neck  of 
the  bottle  which  is  within  it.  II.  This  exceffive  fire  drives  from 
thence  an  equal  quantity  of  natural  fire:  the  firfl:  and  immediate 
charge  is  therefore  produced.  III.  That  natural  fire,  thus  driven  from 
the  inward  furface  of  the  neck  of  the  bottle,  accumulates  itfelf  on 
the  bottom,  correfpondently  to  the  hand,  or  any  other  more  ample 
body  that  touches  it  outwardly;  and  IV.  drives  into  that  body  an 
equal  quantity  of  fire  from  the  bottom  of  the  bottle  :  this  is  the 
fecond  charge;  I  call  it,  of  confequence .  The  explanation  of  the  whole 
is,  in  ffiort,  that  the  neck,  which  is  coated  with  the  little  tube,  and 
the  bottom  which  is  furrounded  by  my  hand,  are  like  two  differ¬ 
ent  bottles,  or  plates  of  glafs,  mutually  feparated  by  the  por¬ 
tion  of  the  neck  that  is  left  uncoated  ;  and  they  inwardly  commu¬ 
nicate  together  by  the  means  of  the  vacuum.  Let  us  now  proceed 
to  the  difcharge  : — if,  while  the  ele&ricity  is  excited,  the  perfori 
who  experiments,  touches  the  coated  bottom,  or  the  fame  being 
uncoated,  grafps  with  his  hand  the  whole  capacity  of  it,  and  them 
carries  his  other  hand  to  the  little  tube,  then  the  two  difcharges 
will  be  effected  at  once  with  a  fingle  Ifroke  :  that  is  to  fay,  theexcefs 
accumulated  on  the  outfideof  the  neck  of  the  bottle,  flies  through 
the  body  of  the  man  who  makes  the  experiment,  and  fupplies  the 
deficiency  raifed  on  the  outward  bottom  of  the  fame  ;  and  the  excels 
accumulated  on  the  inward  bottom,  runs,  through  the  vacuum,  into' 
the  inward  furface  of  the  neck;  and  it  is  that  quantity  of  fire  that 
makes,  at  that  inflant,  the  neck  of  the  bottle  appear  as  if  full  of 
light.  With  this  experiment  alfo  the  Abbe  pretended  to  prove 
that  the  eledtric  fire  pafles  through  the  fubflance  of  the  glafs. 

266.  The  fame  explanation  may  be  given  of  the  fine  experi¬ 
ment  commonly  attributed  to  the  celebrated  Mr.  Canton,  which 
is  made  in  the  vacuum  of  a  barometer.  This  is  the  manner  in 
which  I  execute  it.  I  fill  with  mercury  the  incurvated  tube  ABC 
(PI.  VI.  fig.  2.)  forty  inches  high,  and  I  ufe  all  the  neceffiary 
precautions  to  obtain  an  exadt  vacuum  :  the  arm  CB  is  fhort,  fo 
that,  when  I  have  eredled  again  the  tube  (which  I  do  very  flowly, 
for  fear  of  making  the  mercury  ofcillate),  it  remains  full;  and 
I  apply  to  the  opening  of  it  C,  a  piece  of  melted  fealing-wax, 

I  then 
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1  then  make  the  top  of  the  barometer  touch  the  Chain,  while 
I  grafp  with  both  my  hands  the  body  of  it,  where  it  is  full 
of  mercury.  The  light  that  flows  within  the  vacuum  AB,  affords  a 
mod  agreeable  fpedtacle  :  but  when  I  have  removed  the  barometer 
from  the  Chain,  the  interrupted  flafhes  of  light,  which  continue 
for  feveral  minutes  to  fparkle,  and  lucceffively  grow  more  languid 
and  feparated  from  each  other,  afford  a  flill  more  admirable  fight. 
Now  every  body  fees  that  when  the  barometer  communicates  by 
its  top  with  the  Chain  (I  ufe  to  coat  that  top  with  tin,  and  hang  it 
by  a  hook  to  the  Chain)  the  exceffive  fire  accumulates  itfelf  on  the 
furface  of  it  as  far  as  it  can  fpread  itfelf,  and  drives  an  equal  quantity 
from  the  inward  furface  ;  which  fire  goes  firft  through  the  vacuum, 
and  thence  through  the  deferent  mercury,  to  accumulate  itfelf  on 
that  part  of  the  infide  of  the  tube  which  correfponds  to  my  hands, 
where  it  can  in  its  turn  didodge  an  equal  quantity  from  the 
outward  furface  of  the  glafs  ;  and  thus,  are  the  two  confecutive 
charges  completed.  When  I  afterwards  remove  the  barometer  thus 
doubly  charged,  the  two  charges  tend  then  to  deftroy  each  other  : 
the  fire  accumulated  in  the  infide  correfpondently  to  my  hands, 
drives  to  diffufe  itfelf  through  the  mercury  and  the  vacuum,  into  the 
fuperior  inward  furface,  from  which  it  has  been  at  firft  expelled  ; 
it,  therefore,  endeavours  to  expel  the  fire  outwardly  accumulated  in 
that  place;  and,  in  the  meanwhile,  it  draws  the  natural  fire  to  that 
outward  part  of  the  tube  by  which  I  hold  it.  While  luch  an  equi¬ 
librium  is  gradually  refioring,  the  tranfient  fire  lightens  through 
the  vacuum.  In  fadt,  it  fuffices  that  I  touch  with  one  hand  the 
top  of  the  barometer,  and  with  the  other,  the  Tides  of  it,  to  make 
the  fire  after  it  has  ceafed  to  lighten,  fparkle  again. 

267.  1  he  experiment  which  I  defcribed  in  the  parag.  346,  of 
my  Artificial  EleBricity,  is  more  complicated,  and  furely  is  not  lefs 
agreeable,  “  A  thin  bottle  of  glafs,  I  faid,  accurately  emptied 
cr  air  and  hermetically  fealed,  as  foon  as  it  is  immerfed  in  the 
“  e  ledi  rie  atmolphere  of  the  Chain,  appears  full  of  eledtrical  light 
“  n°t  unlike  thole  lights  which,  in  a  fummer  evening  after  a  hot 
clay,  are  feen  about  the  horizon.  Even  fuch  glafs  after  it  has  been 
removed  from  the  Chain,  continues  for  fome  time  to  afford  in- 
terrupted  flafhes. ’’  In  that  experiment,  I  only  mentioned  one 
6  charge, 
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charge,  whereas  there  are  in  reality  three,  viz.  one  of  the  air,  and 
two  of  the  glafs,  confequent  to  that  of  the  air.  Let  the  reader 
fee  the  experiment  reprefented  in  Pi.  VI.  fig.  4.  The  firft 
charge  is  that  of  the  portion  of  air  which  hands  between  the  con¬ 
ductor  Y,  and  the  furface  near  to  it  of  the  glafs  BCD;  the  fecond 
is,  that  of  this  fame  part  of  the  glafs  BCD,  to  which  the  imme¬ 
diate  aCtion  of  the  eledric  atmofphere  reaches  ;  and  the  third  is 
that  of  the  glafs  in  EFG,  where  it  communicates  either  with  me> 
or  any  other  deferent  body.  I.  The  exceffive  fire  of  the  condudor 
fiows,  in  A,  into  the  contiguous. air  and  adheres  to  it,  (I  (hall  prove 
in  the  next  chapter  that  air  is  capable  of  taking  a  charge  in  the  very 
fame  manner  as  other  infulating  bodies)  and  drives  an  equal  quantity 
of  fire  from  the  furface  of  the  air  which  touches  the  glafs  in  BCD. 
II.  Therefore,  this  fire,  from  the  furface  of  the  air,  accumulates  it- 
felf  on  the  contiguous  outward  furface  of  the  glafs  BCD  ;  and 
drives  an  equal  quantity  from  the  inward  correfponding  furface  of 
the  fame  :  now,  it  is  this  fire,  which,  flowing  through  the  vacuum, 
emits  thofe  tranfient  flafhes  of  light  we  have  mentioned.  III.  The 
fame  fire  is  determined  to  run  to  the  inward  furface  EFG,  where 
it  can  expel  an  equal  quantity  from  the  outward  furface,  into 
the  deferent  body  with  which  the  latter  communicates.  When  I  af¬ 
terwards  remove  the  bottle  from  the  Chain,  the  flafhes  that  appear  in 
it  are  exadly  fimilar  to  thofe  that  take  place  in  the  barometer, 
and  are  the  confequence  of  the  motion  of  the  fire,  which  recovers 
its  equilibrium. 

CHAP.  V. 

On  the  caufes  that  le  [fen ,  or  prevent,  charges . 

268.  IT  Think  I  have  treated  pretty  largely  of  the  communication 
A  which  mull  be  between  the  two  oppofed  furfaces  of  an  in¬ 
fulating  body,  and  two  different  fyftems  (the  one  animated,  the 
other  indifferent;  or  both  animated,  but  in  a  contrary  manner*); 

*  The  two  fyftems  may  be  both  animated,  but  in  that  cafe,  the  charge  will 
only  be  proportioned  to  the  excefs  of  the  greateft  homologous  electricity  above  the 
other. 

in . 
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in  order  to  produce  a  charge.  I  likewife  think  that  I  have  Tuffici- 
ently  demonftrated  that  the  thinnefs  of  the  glafs  increafes  the  in- 
tenflty  of  the  charge.  I,  for  initance,  never  could  fuceeed  to  in¬ 
troduce  any  perceivable  charge  into  a  Bologna  flafk  ;  I  mean 
one  of  thole  which  are  of  a  great  thicknefs,  efpecialiy  at  their 
bottom,  and  which  break  to  fhivers  by  a  ftroke  from  a  little  piece 
of  a  flint  dropt  into  them. 

269.  But  many  things  flill  remain  to  be  obferved  with  regard 
to  the feparation  which  muff  obtain  between  the  two  oppofed  furfaces 
of  a  plate  of  glafs,  in  order  to  complete  its  charge.  For  as  this  charge 
cannot  be  effeded  but  proportionally  to  the  quantity  of  contrary 
electricities  which  accumulate  themfelves  on  the  two  furfaces  of 
the  plate,  fo  this  charge  will  continually  lellen  and  vanilh  in  pro¬ 
portion  as  there  will  be  a  communication  between  thefe  contrary 
electricities  ;  fince,  by  their  thus  communicating  together,  they 
will  mutually  deftroy  each  other,  and  confequently  deftroy  the 
charge  of  which  their  oppofition  conftitutes  the  eflence. 

270.  Now,  the  two  oppofed  furfaces  of  the  infulating  body  can 
thus  communicate  with  each  other,  either  through  the  ambient 
medium,  or  through  the  uncoated  edges  of  this  fame  body,  or  even 
through  the  fubftance  of  that  body  itfelf.  Of  thefe  three  kinds  of 
communication,  as  well  as  of  fuch  other  circumftances  as  may 
obftruct  a  charge,  I  propofe  now  to  treat  in  order,  and  proceeding 
by  experiments.  I  fhall  afterwards  mention  the  precautions  that 
are  to  be  ufed  in  order  to  prevent  thefe  inconveniences. 

271.  And  Arft,  with  regard  to  the  air,  or  ambient  medium,  I 
rather  choofe  to  appear  tedious  than  forget  to  mention,  that,  for 
want  efpecialiy  of  a  iufficient  drynefs  in  the  fame,  there  are  but  few 
days  in  the  year  in  which  thorough  charges  can  be  obtained  :  the 
fparks  are  often  pretty  vivid,  and  loud  enough  ;  but,  for  all  this,  the 
charges  do  not  attain  their  utmoft  intenfity.  The  experiments  muft 
be  made  in  thofe  few  days  of  the  year  in  which  a  flrong  wind  pre¬ 
vails,  and  the  iky  is  very  clear  (here,  in  Turin,  fuch  dry  winds  chiefly 
blow  from  the  Weft,  and  rumbs  adjacent  to  it)  :  then  the  fparks 
of  the  difcharges  will  produce  effects  greatly  fuperior,  either  in 
melting,  or  vitrifying,  or  calcinating  bodies,  to  thofe  produced  in 
ordinary  weather.  A  Angle  obferation  may  conflrm  this  :  let 
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the  eledrofcope  annexed  to  the  Chain  is  feen  immediately  to  attain 
its  greateft  divergency,  as  foon  as  the  infulating  body,  which  was 
charging,  is  removed  j  and  the  eledrofcope  annexed  to  the  Chain  is 
feen  immediately  to  diverge  to  the  utmoft  :  a  molt  certain  fign,  this, 
that  fome  moifiure  from  the  air  adheres  to  the  uncoated  edges  of 
the  faid  body,  and  was,  before  the  removal  of  it,  as  a  kind  of  vehi¬ 
cle,  by  the  means  of  which  the  exceftive  fire  of  the  Chain  flowed 
into  the  outward  coating,  and  thence  into  the  ground.  Nor  is 
fuch  moifiure  depofited  on  the  glafs,  only  in  the  fame  quantity  as 
it  is  fpread  in  the  atmofphere,  but  the  electricity  draws  it,  and 
difpofes  it  in  the  propereffc  manner  for  it  to  communicate  itfelf 
through  it,  as  we  final  1  fee  when  we  come  to  fpeak  of  the  eledrical 
motions.  I  have  faid  before  how  I  partly  obviate  this  inconveni- 
ency,  by  placing  under  the  Franklinian  Jquare  fome  hot  afhes  ;  but 
filli  I  infili,  that  art  never  will  fupply,  in  this  cafe,  -  the  advantages 
of  a  proper  feafon. 

272.  But  if  moifiure  can  thus  effed  a  communication  between 
the  two  coatings  of  a  plate,  how  can  it  be  therefore,  that  dif- 
charges  of  a  pretty  great  intenfity,  are  fometimes  obtained  in  wea¬ 
ther  imperfectly  dry  ?  for  it  fometimes  happens,  that  in  charging 
a  glafs,  or  even  an  eleCtric  battery,  that  is  an  aggregation  of  feve- 
ral  glafies,  though  in  cloudy  weather,  the  eledrofcope  actually 
reaches  its  greateft  divergency,  and  the  charge  happens  to  be  really 
complete.  I  anfwer,  that  the  vapours  in  the  air  may  fometimes 
chance  not  to  form  on  the  margin  of  the  glafs  fuch  a  continuous 
coating,  or  rather  fur,  as  to  enable  any  confiderable  portion  of  the 
eleCtricity  to  diflipate  itfelf  through  it  ;  therefore,  a  firong  charge 
may  then  be  eflfeded,  that  is,  one  which  is  proportioned  to  the 
excels  that  has  really  been  accumulated  and  preferved.  The 
confiderable  Jum  of  the  intervals,  however  fmall  they  may  be, 
between  the  particles  of  moifiure,  produces  in  fuch  cafe  a  fufficient 
fum  of  refi  fiance  to  fiop  the  greateft  part  of  the  eledricity  which  is 
deftined,  by  its  accumulation,  to  form  the  charge.  Thus,  I  charge 
a  bottle,  from  the  outward  coating  of  which  hangs  a  fmall  chain 
of  rufty  iron  ;  and  the  difeharge  as  well  as  ftroke  are  but  weak  : 
the  links  of  the  chain,  we  muft  here  obferve,  only  touch  each  other 
in  points,  and  even  in  thefe,  the  contad  is  rendered  imperfed  by 
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an  interpofition  of  the  rufty,  and  confequently  incompletely  deferenti 
furface  :  now  the  confequence  of  thefe  many  little  refiftances  is, 
that  only  a  fmall  quantity  of  fire  is  tranfmitted,  and  the  bottle 
confequently  is  in  the  ifi’ue  but  weakly  charged. 

273.  With  regard,  befides,  to  fuch  complete  charges  as  are  fome- 
times  effected,  though  the  fky  may  be  darkened  with  clouds,  I 
have  obferved  that  they  generally  take  place  during  two  particular 
kinds  of  cloudy  weather,  viz.  in  times  of  temporary  tranfient 
clouds,  and  dill  more  frequently  in  times  of  fnowy  clouds.  When 
a  temporary  transient  cloud  paftes  and  lightens  above  our  heads  pro¬ 
ducing  an  almoft  inceftant  noife,  and  keeping  at  a  little  diftance 
from  the  ground,  in  fuch  cafe,  and  before  it  rains,  the  electric 
experiments  fucceed  pretty  well,  becaufe  thefe  clouds  being  ftrongly 
ele&rified,  draw  to  themfelves  the  other  vapours  fpread  in  the 
air  (even  in  rooms,  the  air  is  pretty  foon  brought  to  the  fame 
ftate  in  that  refpedt,  as  the  outward  air)  which' they  incorporate 
with  themfelves,  and  leave  the  air  that  lies  near  the  ground,  free  from 
any  deferent  dampnefs.  Alio,  when  copious  and  dry  fnow  falls,  the 
electricity  is  extremely  vivid.  I  explained  the  increale  of  the  parti¬ 
cles,  or  grains  of  fnow,  by  the  attraction  that  takes  place  between' 
them,  when  they  pafs  through  clouds  unequally  electrified,  The 
fine  experiment  with  which  Mr.  Heberden  proves,  in  the  LIXth: 
Voi.  of  the  Philofophical  Tran  factions,  that  of  two  veftels  placed 
in  the  fame  vertical  line,  that  which  is  lo  weft  receives  a  greater  quan¬ 
tity  of  rain  than  the  other,  renders  it  manifeft  that  rain  itfelf  in- 
creafes  in  its  falling;  I  lhall  introduce  in  another  place  fome  ob- 
fervations  concerning  rare,  and,  at  the  fame  time,  large  drops  of 
rain,  which  L found  to  have  electrified  an  umbrella  of  tin,  infl¬ 
icted.  Now,  linee  we  know  that  kind  of  force -which  pro¬ 
duces  the  mutual  attraction  and  agglomeration  both  of  the  parti¬ 
cles  of  hail  and  rain,  why  fhould  not  fnow  likewife  draw1 
the  vapours  diffufed  in  the  lower  part  of  the  atmofphere  ?  a  dry- 
neis  even  greater  than  in  the  former  cafe,  muft  in  this  cafe. obtain, 
fince  fnow  can  reproduce  no  new  moifture  in  the  air. 

274.  I  have  hitherto  mentioned  only  that  moifture  in  the  air, 
w'hich  Ipreads  itfelf  on  the  uncoated  margin  of  the  infulated  body, 
and  produces  the  abovementioned  decreafe  of  the  electricity  in  the 

Chain-; 
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Chain  at  that  inftant,  when  the  infulating  body,  de  (lined  to  be 
charged,  is  applied  to  it  ;  but  the  electricity  in  the  Chain  can  be- 
Tides  receive  a  diminution  from  any  dampnefs  that  may  take  place  in 
the  bodies  that  are  made  ufe  of  to  intuiate  it,  fuch  as  filk  firings, 
pieces  of  glafs,  or  oiled  wood,  and  efpecially  in  the  ambient  air  :  fo 
that  the  eledrofcope  may  then,  even  though  the  infulating  body  be 
not  annexed  to  it,  rife  but  little,  and  the  intenfity  of  the  other  figns 
be  proportionally  diminished. 

2 75.  If  the  dampnefs  were  copioufiy  diffufed  in  the  air,  the 
figns  might  even  fail  intirely.  Attempting  once  to  make  experi¬ 
ments  in  a  place  in  the  country  which  was  furrounded  by  growing 
plants,  I  found  I  could  not  fucceed  to  excite  any  flrong  elec¬ 
tricity  ;  which  I  attributed  to  the  copious  tranfpiration  of  veget¬ 
ables.  The  fame  will  happen  in  all  fmall  confined  rooms,  where 
many  perfons  are  prefent.  If  fire  be  lighted,  it  will  drive  out  the 
damp  air,  and  draw  in  new  and  dry  air,  by  which  the  elettrici  ty 
may  be  kept  up  with  Tome  degree  of  vigour.  It  is  only  to  the  co¬ 
pious  dampnefs  he  mult  have  produced,  that  I  impute  that  Dr. 
Prieftley,  after  filling  a  glafs  bell  with  air  that  had  paffed  through 
his  lungs,  and  immerfing  in  it  a  charged  bottle,  faw  the  fame  dif- 
charged  in  a  Iefs  interval  than  two  feconds  (Hillory  of  Electricity, 
p.  599  )  The  moift  vapour,  of  which  the  air  in  the  glafs  bell 
was  replete,  became  a  conductor  continued  enough  to  enable 
the  charge  to  pafs  from  the  hook,  to  the  coating  of  the  bottle  ; 
though,  at  the  fame  time,  the  intervals,  however  fmall,  between 
the  particles  of  the  deferent  vapour  rendered  the  paffage  of 
the  fire  flow  enough  to  prevent  a  fpark.  When  I  want  to  fup- 
prefs  a  charge  for  which  I  have  no  farther  occafion,  I  lay  the  bot¬ 
tle  on  an  old  table  of  walnut-wood,  fo  that  the  hook  touches  the 
table,  and  it  difcharges  itfelf  there  filently,  though  fpeedily,  and  with¬ 
out  giving  me  any  farther  trouble  ;  the  remnant  of  deferent  particles 
in  this  table  is  fufficient  to  dilli  pate  the  charge,  but  their  feparation, 
as  well  as  nature,  occafions  fuch  difeharge  to  be  only  filently  effeded. 

276.  Dr.  Prieflly  has  filled  the  fame  glafs  bell  with  air  proceed¬ 
ing  from  a  fire  of  wood  -,  and  a  bottle  immerfed  in  it  has  been  in 
a  like  manner  difeharged  :  nor  has  the  fame  gentleman  ever  been 
able  to  charge  the  faid  bottle  when  keeping  it  immerfed  in  fuch 
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air  :  but  the  air  being  changed,  the  bottle  kept  its  charge  if  already- 
charged,  or  received  one,  if  it  had  none.  (Ibid.  p.  600.)  Dr.  Prieft- 
ley  has  found  afterwards  that  coals  of  wood,  and  pit-coal,  were 
conductors  of  electricity.  Fie  calls  them,  excellent  ones  ;  to  me 
they  have  appeared  inferior  to  metals,  becaufe  though  they  may 
conduCt  the  fpark  to  the  fame  diftance  as  they,  and  leave  no  greater 
remnant  of  charge;  yet,  they  do  not  conduCt  the  fpark  fo 
united  and  compaCt;  the  lightning  of  it  is  not  fo  vivid,  nor  the 
crack  fo  loud,  as  when  it  is  conducted  by  metal. 

277.  Whatever  may  be  the  real  confequences  to  be  drawn  from 
Dr.  Prieftley’s  experiments,  I  think,  I  perceive  from  them,  a  new- 
kind  of  analogy  between  the  common  and  the  eleCtric  fire,  as 
well  as  difcover  a  probable  explanation  of  a  very  much  known 
phenomenon,  concerning  the  former;  which  is  the  gradual  extinc¬ 
tion  of  aflame  in  air  impregnated  with  vapour  from  the  lungs,  or 
from  burning  coals,  or  in  any  other  mephitic  air.  Since  my  objeCt 
in  this  book  is  to  promote  the  knowledge  of  Nature,  it  will  not  be 
amifs,  I  think,  to  expofe  here  how  I  explain  the  gradual  extinc¬ 
tion  of  a  flame  in  air  that  grows  continually  more  and  more  di¬ 
lated.  I  confider  fuch  an  extinction  of  the  flame  as  a  real  diffi- 
pation  of  it  : — in  order  to  enable  the  flame  to  live,  it  is  neceflary 
that  a  certain  portion  of  it  be  continually  repercuffed,  and  kept 
clofe  to  its  pabulum ,  in  order  that  it  may  loofen,  and  conti¬ 
nually  put  in  motion,  new  particles  of  it,  and  difclofe  the  fire 
imprifoned  in  them,  in  order  to  fupply  that  which  continually  dif- 
fipates.  Now,  air  is  the  medium  that  repercuffes  and  confines  fuch 
portion  of  fire  :  in  proportion  as  air  grows  dilated,  the  fire  is  the  more 
copioufly  difiipated  ;  only  a  lefs  portion  of  new  one  is  then  difclofed  ; 
the  flame  thus  gradually  leffens,  and  at  laft  fails,  after  draining  the 
cavity  of  the  candle  around  the  wick.  Now  fince  air,  impreg¬ 
nated  with  vapour,  either  from  the  lungs,  or  from  burning  coals, 
is  able  to  conduCt  the  electric  fire,  why  fhould  it  not  be  able  like- 
wiie  to  conduCt  common  fire?  this  circumftance,  if  it  were  well 
afcertained,  would  give  a  new  degree  of  extent  to  the  already 
known  analogy  between  thofe  bodies  which  are  deferent  of  both 
the  faid  elements  ;  though  we  muft  obferve,  they  perhaps  are  but 
one  and  the  fame  element,  which  is  only  differently  combined. 

Far- 
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Farther,  linee  a  flame  dies  away  in  rarefied  air,  in  confequence  of 
its  ditlipating  too  much  in  it,  why  fliould  it  not  likewife  die  in 
air  filled  with  vapour  from  the  lungs,  fince  through  them  it  can 
as  well  diflipate,  as  through  a  vacuum  ?  But  of  this  we  Diali  lay 
more  hereafter. 

278.  Now  it  is  neceflary  that  I  fhould  proceed  to  confider  the 
different  kinds  of  communication  which  (belides  that  from  moifi 
air,  or  any  deferent  medium)  may  be  afforded  by  the  furface  of 
the  infulating  bodies  on  their  naked  margins  :  I  think  that  they 
may  be  reduced  to  four  principal  ones,  viz.  to  a  too  great  narrow- 
nefs  of  thefe  margins  3  to  a  want  of  cleannefs  3  to  a  defedi  in  the 
Ihape  and  clipping  of  the  coatings  ;  and  to  the  bad  condition  of 
the  deferent  body,  which  may  prevent  it  from  infulating  ex- 
adlly. 

279.  With  regard  to  the  three  firfl  cafes,  we  Diali  fay  little. 
I.  For  the  charging  of  the  largefl  batteries,  a  margin  of  three 
inches  on  each  fide  of  the  infulating  body  is  fufficient  3  this  being 
a  difiance  which  no  charge,  ever  fo  firong,  has  yet  being  known 
to  be  able  to  go  through.  2.  But  fuch  margins  mull  moreover  he  ex- 
adlly  infulating  ;  that  is  to  fay,  clean.  Whatever  particles  the 
eledlric  fire  may  meet  with,  which  it  can  drive  into  its  own  way, 
it  will  adtually  drive,  and  will  make  them,  as  it  were,  fo  many 

*  points  of  fupport,  by  the  means  of  which  it  will  leap,  and  fuc- 
ceffively  reach,  to  a  great  difiance  :  this  i  have  (hewn  before  in  my 
Book  of  Ferres  Atmof,  Elec .  and  will  more  amply  fhew  here¬ 
after,  in  the  chapter  on  the  Eledlric  Sparks  :  1  therefore  again  infill, 
that  the  naked  margins  mud  be  kept  cxadlly  clean.  3.  In  order 
that  the  aforefaid  difiance  of  three  inches  may  fu  dice,  care  mufi  be 
had  that  the  angles  of  the  coatings  be  not  fiiarp,  elle  they  will  throw 
out  particles  of  fire.  See,  for  infiance,  what  takes  place  in  the 
coating  of  one  of  thofe  plates,  f,  g,  /,  which  I  call  F ranklinian 
fquares ,  when  charged  in  the  dark  :  in  proportion  as  the  charge 
advances,  bruihcs  of  light  fpring  to  a  great  difiance  from  each  of 
the  anglesy',  g,  h,  /,  and  fringes  of  light  line  the  Tides  of  the  faid  : 
coatings:  now,  all  this  quantity  of  fire  is  fo  much  that  is  taken 
from  the  charge.  This  inconveniency  we  may  indeed  remedy  by 
mounding  the  angles  of  die  coatings  3  but  the  beft  remedy  of  all  is  to 
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apply  around  them  a  coat  of  fealing  wax  ;  thus  the  diffipation 
of  the  eleCtric  fire  through  the  (harp  tides,  and  much  more  through 
the  angles,  of  the  coatings,  will  be  in  a  great  meafure  prevented, 
as  we  diali  fee  hereafter,  when  we  (hall  treat  of  the  ele&ric  brufh 
and  (lar  :  whatever  plate  I  have  fitted  thus,  has  been  able  to  re¬ 
ceive  a  (Longer  charge  than  others  of  a  fame  fize.  The  above- 
mentioned  brufhes  and  fprings  are  by  no  means  a  portion  of  fire 
ufelefs  to  the  charge  :  in  fadl,  long  after  they  begin  to  appear, 
the  charge  flill  continues  to  increafe,  and  no  doubt  but  it 
would  increafe  flill  farther,  and  at  leal!  be  formed  much  more 
fpeedily,  if  fuch  dillipation  of  the  fire  were  prevented  before¬ 
hand.  The  care  of  fmothering,  or  fupprefiing,  fuch  brufhes 
of  light,  muff  alfo  be  extended  to  the  whole  body  of  the  Chain, 
of  the  rod,  and  any  other  body,  by  cutting  or  filing  off  all  pro¬ 
minent  parts  on  them.  Any  moveable  and  deferent  particle  on  ei¬ 
ther  of  the  coatings,  would  alfo  greatly  leffen  the  charge  :  an  old 
experiment  of  mine  may  here  ferve  as  an  example  :  I  had  placed  a 
ftripe  of  tin-foil  clofe  to  the  coating  of  a  plate;  and  when  the  (park 
ruffed  to  the  conducting  bow,  it  carried  the  firipe  along  with  it, 
and  diffipating  it  in  fmoke,  imprinted  fome  of  its  particles  on  the 
bow. 

28c.  But  the  principal  caufe  of  the  difilpation  of  the  eledtric 
fire,  is  the  fourth  we  have  mentioned  ;  viz.  the  bad  condition  of 
the  infulating  bodies  :  which,  in  fome,  is  perpetual  ;  in  others, 
tranfitory.  It  is  perpetual  in  fome  glaffes  in  confequence  of  the 
particular  fluid  of  which  they  are  made  ;  and  tranfitory  in  other 
glafles,  which,  though  their  fubflances  may  be  excellent,  yet  do 
not  infoiate,  either  becaufe  they  are  new,  or,  though  they  may  be 
old,  have  been  lately  heated  fomewhat  intenfely. 

281.  Dr.  P  rieflley  (p.  61 6)  coated  a  bottle  of  blue  glafs,  near 
its  bottom,  to  the  height  of  an  inch  and  a  quarter  ;  the  bottle  was 
fix  inches  and  an  half  high,  and  two  inches  and  an  half  wide  ; 
and,  as  the  charge  was  advancing,  the  fparks  began  to  fly  from 
iuch  naked  places  of  the  glafs  as  were  near  the  coating  :  then 
they  luccefiively  flew  from  higher  points  under  the  ff  ape  of  brufhes 
that  became  gradually  larger  ;  and  laftly,  they  ran  from  the  infide 
of  the  bottle  along  the  outfide  of  it  ;  and  thus  the  difeharge  was 
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effected.  The  bottle  was  afterwards  alfo  difcbarged,  though  the 
coating  was  reduced  to  half  an  inch  :  and  even  another  fimilar 
bottle  filled  with  filings  of  iron,  was  difcharged  without  any 
other  coating  than  alitile  iron  chain  which  fafieneditto  the  table, 
near  its  bottom. 

282.  Dr.  Priefily  obferves,  that  the  firfi  of  thefe  bottles  which 
was  broke  only  eight  months  afterwards,  retained  (till  the  fame  pro¬ 
perty  :  i  (hall  obferve  here,  that  the  progreffive  motion  of  the  fparks 
on  the  uncoated  furface  of  bottles  like  tnofe  mentioned  here,  till  a 
difcharge  is  effe&ed,  only  differs  in  point  of  quantity  and  fwiftnefs, 
from  the  ordinary  phenomenon  obferved  in  the  charging  of  bottles, 
the  furface  of  which  are  not,  in  all  their  parts,  equally  deferent. 
When,  for  infiance,  the  bottle  A  B  is  charging  at  the  Chain, 
(PI.  II.  fig.  5)  little  fparks  foon  begin  to  iflue  from  fuch  parts  of 
the  glals  as  Hand  near  the  coating;  which  fparks  fuccefiively  grow 
larger,  and  fparkle  from  the  difiance  of  half  an  inch,  an  inch,  an 
inch  and  an  half,  or  two  inches,  and  even  fometimes  more  ;  but 
for  all  that,  a  difcharge  does  not  follow,  becaufe  the  glafs,  if  it 
be  good,  well  polilhed,  and  dry,  is  not  able  to  tranfmit  the  fpark 
to  any  greater  difiance.  To  render  the  experiment  fiill  more 
confpicuous,  I  ufe  bottles  with  a  long  neck,  and  I  coat  them  with 
a  .ftratum  of  cement,  which  is  a  fubfiance  fiill  lefs  deferent  than 
glafs  -,  to  which  add,  that  fuch  an  addition  to  the  former  thicknefs  of 
the  bottle,  will  lefien  much  the  inwrard  force  which  drives  the  fparks 
from  the  outfide  of  it  :  now,  it  is  this  very  force  which  is  the  caufe 
of  that  phcenomenon  which  Dr.  Priefiley  calls  a  very  beautiful  one. 
The  excefiive  fire,  in  proportion  as  it  accumulates  itfelf  on  the 
inward  furface  of  the  bottle,  correfpondently  to  the  outward  coat¬ 
ing  of  it,  fuccefiively  exuberates,  both  in  the  filings,  and  in  the 
iron  wire  ufed  by  Dr.  Priefiley,  where  they  refpediively  correfpond 
to  the  outward  uncoated  furface  :  eonfequently,  fuch  fire  in  pro¬ 
portion  as  its  denfity  increafes,  drives  portions  of  fire  from  fuc¬ 
cefiively  remoter  places  of  the  uncoated  outward  furface,  into  the 
coating  of  the  bottom  of  the  bottle.  And  as  to  the  bottles  ufed 
by  Dr.  Priefiley,  made  of  a  glafs  the  deferency  of  which  is  of  a 
particular  nature,  the  fame  excefiive  fire,  when  it  has  attained  its 
greatefi  denfity,  becomes  able  to  rufh,.  one  part,  of  it,  into 
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the  outward  coated  furface,  which  is  deprived  of  the  greateft  part 
of  its  hre  ;  and,  the  other  part,  into  the  uncoated  furface,  into 
which  a  deficiency  has  been  railed,  proportioned  to  the  fparks  that 
have  alio  been  at  times  driven  from  it. 

285.  The  fame  explanation  may  ferve  likewife  to  ill  Lift  rate,  if 
not  the  caufe,  at  lead;  the  manner  after  which  thofe  phenomena 
are  effected,  that  are  obferved  to  take  place  in  thofe  glafies,  which, 
on  account  of  their  being  new,  cannot,  for  a  while,  infulate  but  in  a 
very  inconfiderable  degree.  When  i  examined  at  firft:  the  experiment 
of  the  abbc  Nollet,  described  in  fig.  9.  pi.  Il  l.  I  inferted  an  old  bot¬ 
tle  B,  in  the  neck  S  of  an  old  glafs  bell  C  E  D,  and  1  remained  not 
a  little  furprifed  that  I  could  not  perceive  within  this  bell  (while 
indeed  all  the  reft  of  the  experiment  lucceeded  extremely  well)  that 
great  quantity  of  fire  which  the  abbe  faid  filled  the  recipient,  dur¬ 
ing  the  time  that  the  bottle  was  electrified,  and  moved  in  it  with 
a  rtupendous  rapidity  :  in  a  word,  I  was  unable  to  dilcover  any 
thing  like  the  beautiful,  and,  indeed,  true  delineation  that  he  gives 
of  fuch  phenomenon,  in  the  firft  plate  of  the  firft  volume  of  his 
Letters.  I  procured  afterwards  another  glals  bell  from  the  fur¬ 
nace  ;  the  height  of  it  was  a  full  foot,  and  it  was  confequently 
more  nearly  equal  to  that  ufed  by  the  ab  é  ;  and  when  I  repeated 
the  experiment,  I  faw  flashes  of  light  like  thofe  oblerved  before  by 
him,  winding  about  in  a  moft  extraordinary  manner  :  but  the  very 
fame  evening,  having  applied  my  hand  to  the  glafs  bell,  while 
with  the  other  I  tried  to  effect  a  difcharge  ,  I  was  vehemently 
ftruck,  and  the  bell  broke,  it  being  made  of  a  thin  glafs,  I  pro¬ 
cured  another  of  the  fame  fize,  which  exhibited  to  me  the  fame 
fpectacle  ;  and  I  laid  it  in  a  place  where,  upon  occafion,  I  could 
find  it  again. 

284.  But  I  muft  confefs  I  was  amazed,  when  about  a  year  af¬ 
ter,  intending  to  repeat  the  fame  experiment,  I  found  myfelf  un¬ 
able  to  raile  thofe  ftrong  and  winding  flafhes  that  before  filled  the 
glafs  bell  ;  and  I  could  not  fee  any  thing  more  than  an  almoft: 
fingle  ray,  which,  from  the  outward  bottom  of  the  bottle,  flowed 
to  the  knob  on  the  plate  of  metal  on  which  the  glafs  bell  lay. 

1  hen,  for  the  firft  time,  the  thought  occurred  to  me  that  white 
glaftes,  when  recent,  are  in  fome  degree  conductors  of  the  electric 
6  fire  -, 
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fire  j  the  reafon  I  had  for  thinking  fo,  was,  that  the  flafhes, 
which  moved  in  a  vermicular  line,  did  not  poflibly  flow  through 
a  vacuum,  fince,  as  Ì  had  before  obferved  in  nurnberlefs  experi¬ 
ments,  they  always  proceed  in  it,  in  a  right  line,  or  evenly  incurvated 
line:  the  vermicular  motion  of  the  flafhes,  j  u  ft  mentioned,  mud: 
therefore  proceed  from  their  running  in  a  contact  with  the  interior 
furface  of  the  glafs,  where  they  follow  fuch  crooked  path  as  is 
afforded  them,  by  fuch  parts  of  the  glafs  as  actually  are,  or  fuc- 
ceffively  become,  deferent,  in  confequence  of  the  elediric  fire  affix¬ 
ed  to  the  parts  next  to  them.  I  imagined  befides,  that  this  de¬ 
fedi  of  new  glafles  becomes,  in  a  courfe  of  time,  gradually  lefs;  and 
that  this  was  the  reafon  why  the  fiafhes  failed  within  an  old  glafs  bell, 
and  afterwards  in  the  new  one,  when  I  had  left  it  grow  old.  I 
thought  that  this  defedi  was  confined  to  white  glafles  ;  becaufe  cy¬ 
linders,  or  globes,  of  greenifh  glafs,  the  fame  as  that  of  which  bottles 
are  made,  though  they  were  newly  made,  had  ferved  me  very  well 
at  all  times  to  excite  eledlricity.  With  refpedl  to  this  my  opinion,  I 
think,  I  pretty  well  agree  with  Dr.  PrieAley,  who  has  afterwards 
made  many  experiments  relative  to  the  deferent  quality  of  recent 
glafles.  He  has  efpecially  made  his  experiments  with  tubes  of  flint- 
glafs,  and  has  found  them,  in  fome  degree,  deferent,  when  they 
were  new.  I.  Whether  they  were  thin,  or  thick  :  II.  whether  they 
were  polifhed,  or  rough  :  III.  whether  they  were  hollow,  or  folid. 
IV.  The  fame  gentleman  has  found,  moreover,  that  glafs,  how- 
^  ever  recent,  becomes  continually  more  and  more  deferent,  by  being 
feveral  times  charged  and  difchargedj  but  that,  after  a  few  hours 
time,  it  returns  to  its  former  fiate  :  V.  that  a  fpace  of  a  few 
months,  after  the  glafs  has  been  taken  from  the  furnace,  and  ufing 
it,  are  neceflary  to  render  it  infulating:  VI.  that,  when  they  are 
once  become  infulating,  they  may  again  be  rendered  deferent,  by 
being  expofed  to  the  adlion  of  a  fire  fufiicient  to  render  them 
foft  and  pliable.  (P.  621.) 

285.  I  generally  ufed  to  befpeak  tubes  of  glafs,  two  or  three 
yards  long  ;  I  took  them  hot  from  the  furnace,  infulated  them, 
and  found  that  at  the  fame  time  that  I  applied  a  charged  bottle  to 
the  end  of  one  of  them,  the  eledtrofcope,  annexed  to  the  other  end, 
diverged,  and  a  pretty  flrong  charge  was  communicated  to  another 
bottle,  annexed  to  the  fame  end  :  but,  a  few  months  after,  I  found 
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that  the  fire  did  not  diffufe  itfelf  through  the  fame  tube,  to  a  greater 
diftance  than  half  a  yard. 

286.  I  applied  a  coating,  three  inches  broad,  to  the  middle  of 
a  tube,  open  at  both  its  ends,  and  a  yard  long  ;  I  charged  the 
coated  part  of  it  by  the  means  of  an  iron  wire,  when  it  feemed  as 
if  aflame  fprung  out  from  both  fides  of  the  tube;  and  fparks 
ran  to  my  fingers,  as  I  moved  them  along  it,  from  all  the  fucceftlve 
parts  of  its  furface. 

287.  I  took  another  tube,  an  inch  in  diameter,  three  feet  and  a 
half  long,  and  extremely  thin,  and  applied  to  it  a  coating  three 
inches  broad,  at  the  difiance  of  nine  inches  from  the  one  end. 
When  the  coated  part  was  charged,  the  whole  furface  of  the  giafs 
threw  fparks  to  the  diftance  of  an  inch.  In  moving  my  hand 
along  its  outward  furface,  I  deftroyed  its  vifible  elettrici ty.  By 
prefenting  my  finger  to  one  of  the  two  openings,  I  diminifhed  the 
inward  electricity,  and  again  excited  the  outward  one  ;  and,  by  pro¬ 
ceeding  thus  at  feveral  times,  I  effected  a  difcharge  by  alternation . 

288.  The  fineft  experiment  of  Dr.  Priefiley  has  been  that, 
in  which  he  applied  a  coating,  three  inches  broad,  to  the  tube  A  B, 
in  the  fame  manner  as  is  exprefled  in  the  PI.  VI.  fig.  3  ;  then 
inferted  an  iron  wire  E,  in  contadi  with  the  interior  coating,  and 
charged  it  by  joining  the  wire  to  the  Chain.  This  done,  he 
took  the  coating  CD,  and  moved  his  other  hand  along  the  tube 
from  B  to  D,  as  if  he  had  intended  to  rub  it.  When  his  hand 
came  to  be  diftant  from  the  coa.ting  only  two  inches  and  an  half, 
a  fpark  flew  from  the  latter  into  his  hand,  which  produced  a 
fhock  :  fometimes  Dr.  Priefiley  was  obliged  to  move  his  hand*, 
even  three  times,  from  B  towards  D,  before  he  could  obtain  a 
firoke ;  at  other  times  he  was  ftruck  at  the  firfi  motion;  and 
fometimes  he  even  received  a  farther  ftroke  at  his  third  motion. 

289.  In  order  to  explain  this  kind  of  ftrokes.  Dr.  Priefiley  made 
ule  of  afmaller  tube,  within  which  he  had  made  a  perfect  vacuum 
(this  experiment  is  the  fame  as  that  which  I  have  explained  in 
No.  486,  518,  of  Artificial  Eleflricity),  and  pretended  that  the 
charge  and  difcharge  of  that  tube  being  explained,  would  throw  a 
light  on  the  new  method  of  obtaining  a  fhock  from  tubes  in  fome 
degree  deferent,  within  which  no  vacuum  had  been  effected.  The 
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truth  is,  that  fuch  a  difcharge  is  only  a  difcharge  by  difinbution.  I 
take  a  tube  AB,  which  is  exactly  infulating  (PI.  VI.  fig.  3.); 

I  charge  it  in  C  D,  after  having  coated  it  intheiame  manner  as  Dr. 
Prieflley  did  his  own  :  then  I  apply  my  hand  in  F,  and  another  per¬ 
fori  puts  into  the  opening  B  of  the  tube,  a  rolled  piece  ol  tin¬ 
foil,  like  that  ufed  for  looking-glaffes  ;  this  piece  of  tin-foil  is 
made  to  move  forward  and  backward,  within  the  capacity  of  the 
tube,  by  the  means  of  a  Hick  of  glafs  to  which  it  is  faflened. 
This  done,  two  fparks  are  thrown,  the  one  inwardly,  from  the  in¬ 
ward  coating  CD,  toward  the  piece  of  tin-foil  (which,  as  1  fup- 
pofe,  is  made  to  accompany  the  motion  of  the  hand  on  the 
outfide)  ;  the  other,  from  the  hand  to  the  outward  coating.  By 
the  former  fpark,  the  excefs  becomes  divided,  that  had  been  at 
firfl  introduced  into  the  inward  coated  part;  and  by  the  latter  the 
deficiency  of  the  charge  raifed  on  the  outfide  of  the  fame  coated 
part,  is  leflened.  In  faót,  if  I  take  my  hand  from  F,  I  find  the  tube 
(the  excefs  introduced  into  its  infide  being  a  little  diminifhed)  elec¬ 
tric  in  that  place  by  deficiency. 

290.  I  think,  the  ftroke  produced  by  Dr.  Prieflley  was  of  the 
fame  kind.  I.  He  introduces,  into  a  recent  tube  in  C  D,  outwardly 
an  excefs ,  inwardly  a  deficiency .  The  hand  applied  to  F,  enables 
a  portion  of  natural  fire  to  run  to  D  C,  and  thus  to  lefien  the  defi¬ 
ciency  in  it;  becaufe  the  excefs,  which  is  raifed  on  the  inwTard  fur- 
face  in  D  C,  then  becomes  able  to  difFufe  itfelf  into  that  part  of  the 
fame  inward  furface  which  lies  next  to  it  and  correfponds  to  the 
hand  outwardly  applied  in  F.  But  we  mud  obferve,  that  fuch 
diflribution  of  the  inward  excefs  is  facilitated  both  by  the  nature 
of  the  tube,  which  is  in  fome  degree  deferent,  and  by  the  motion  of 
the  hand  along  its  outfide,  from  B  to  F  ;  the  effedt  of  which 
motion  is,  that  the  excefs  in  B  can  run  to  the  hand,  while  the  latter 
Hands  near;  and  the  excefs  that  remains  in  thofe  parts  which  are 
neared  to  F,  can  inwardly  flow  towards  B,  as  the  hand  moves 
towards  F. 

291.  We  may,  however,  conclude  this  from  the  above  experi¬ 
ments,  viz.  that  recent  glades  are  able  to  retain  a  certain  degree 
of  charge,  and  that  they  confequently  do  oppofe  fome  re- 
fiflence  to  the  fire  that  endeavours  to  flow  along  their  furface. 
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That  fuch  refinance  becomes  fucceflively  greater,  in  proportion  as 
thole  glattes  grow  older,  and  are  more  uied  ;  lìnee  a  greater  force 
and  denfity  of  the  eleCtric  lire  is  then  required  to  furmount  it.  The 
confequence  to  be  drawn  from  all  this  is,  therefore,  that  glalfes 
then  iofe  lefs  of  their  fire  ;  lofe  it  only  at  a  fmaller  difiance, 
and  can  retain  (Longer  charges. 

292.  Dr.  Prieftley  concludes  his  ingenious  feCtion  with  the  fol¬ 
lowing  experiment.  Idle  put  a  Hip  of  gold  or  brafs  leaf  between 
two  tubes,  the  one  old,  the  other  new,  and  ftrongly  fattened  to 
each  other  ;  and  obferved  that,  when  he  had  happened  to  draw 
very  ttrong  fparks,  the  metallic  particles  were  more  indelibly  im- 
prefied  on  the  new  tube  than  on  the  old  one,  and  that  fuch  impreflion 
was  manifetted  by  a  more  beautiful  colour  :  which  difference,  he 
conjeCtured,  was  owing  to  a  difference  in  the  pores,  which  were 
more  open  in  the  new  glafs  ;  and  as  the  fame  grows  old,  become 
fucceflively  contracted. 

293.  But  to  fpeak  of  what  I  have  myfelf  obferved,  I  ingenu- 
oufly  confefs,  that  the  finett  experiment  I  have  been  able  to  fee, 
with  regard  to  the  deference  of  recent  glattes,  is  that  which  I  have 
deferibed  in  numb.  285,  that  of  the  vermicular  flatties  which  filled 
the  bell  made  of  recent  glafs,  which  was  extremely  brittle,  even 
beyond  what  might  be  expeCted  from  its  thinnefs.  In  other 
white,  or  greenifh  glattes,  I  could  not  perceive  fuch  a  great  deference 
as  Dr.  Prieftley  has  obferved  in  his  cryflals. 

294.  I  befpoke  feveral  tubes  *of  white  glafs,  and  fome  of  them 
were  fcarcely  made  when  I  expofed  them,  ttill  hot,  to  the  open 
air,  which  was  cold  to  the  degree  of  congelation  ;  and  a  few 
others  of  the  flime  fize  I  got  to  be  heated  again  in  the  furnace. 

I  tried  them  all  the  fame  day,  and  found  that  they  diffufed  away, 
in  fome  degree,  the  electricity  of  the  Chain  ;  but  this  they 
did  not,  either  with  fo  long  flafhes,  or  fo  plentifully  as  the  tubes 
of  Dr.  Prieftley  did  :  though  I  obferved  that  fuch  tubes,  as  had 
been  heated  twice,  loft  their  eleCtricity  in  a  lefs  degree  than  thofe 
which  had  not  been.  I  have  repeated  the  fame  experiment  with 
tubes  of  greenifh  glafs,  the  one  heated  a  fecond  time,  the  other 
not,  and  the  effeCt  has  conftantly  appeared  to  me  to  be  the  fame. 

295.  Dr.  Priettley  fays,  at  p.  622,  that  fome  tubes,  that  had  been 
made  the  lame  day  could  not  be  electrified,  though  rubbed  ever  fo 
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much  with  the  amalgamated  cloth.  With  me,  quite  recent  tubes 
have  become  a  little  electrified,  when  rubbed  ;  and  if  a  little  heat' 
ed,  have  manifefled  a  pretty  confiderable  degree  of  electricity* 
though  they  only  retained  it  for  a  very  fhort  time. 

29Ó.  I  fay,  a  little  heated,  becaufe  a  great  degree  of  heat  is  itfelf 
the  ladofthofe  tranfitory  caufes  mentioned  above,  that  render  glades 
deferent  on  their  furface  ;  and  is  almofl  the  only  one  that  makes 
them  pervious  to  the  eleCtric  fire,  in  their  inward  fu  bilance.  Be¬ 
fore  I  examine  the  effect  produced  by  this  lall;  caufe,  viz.  heat, 
I  will  explain  why  I  fay,  it  is  almofl  the  only  one  that  renders  the 
fubflance  of  glafs  pervious  to  the  electric  fire.  Ever  fince  the 
experiment  of  Leyden  has  been  known,  attempts  to  charge  thin 
Florence  flafks,  or  large  matraffes,  have  always  proved  tiniuc- 
eefsful  :  I  attributed  it  at  firil  to  the  number  of  bubbles  remark¬ 
able  in  that  kind  of  glafs,  which,  by  dividing  the  thin  fubflance  of 
it,  left  fome  continuous  openings  in  its  infide,  that  gave  an  accefs 
to  the  fire.  But  the  opinion  of  Mr.  John  Canton,  on  that  fubjedt, 
is  no  lefs  probable  :  he  thinks  that  thole  little  fpots  on  the  glafs  are 
formed  by  metallic  particles,  which,  not  being  diffidently  melt¬ 
ed,  afford  a  paffage  to  the  fubtle  elements.  Indeed,  it  does  not 
appear  that  thinnefs  may  of  itfelf  be  the  caufe  of  the  penetrability 
of  glafs  :  I  have  blown  with  a  lamp  final!  bottles  of  glafs,  and 
made  them  as  thin  as  they  poffibly  could  be,  and  fill  they  were 
able  to  receive  mod  intenfe  charges. 

297.  Let  us  now  examine  the  effe&s  produced  by  an  actual 
degree  of  heat  in  the  glafs  :  in  the  Letter  I  wrote  to  Dr.  Franklin, 
the  20th  of  February,  1767,  I  expreffed  myfelf  in  the  following- 
terms,  in  numb.  33.  When  1  try  to  charge  a  glafs  very  intenfe ly 
heated ,  [parks  are  continually  thrown  from  all  parts  of  it  :  we  mufi 
therefore  conclude ,  that  the  fire  either  circulates  around  fuck  glafs,  or 
pafes  through  it  :  I  have  an  experiment  ready  to  af certain  this .  Fiere 
is  then  the  experiment,  as  I  made  it.  I  procured  a  bottle  B  C  D  E 
(PI.  VI.  fig.  3.),  the  neck  of  which  was  crooked,  and  eight 
feet  long;  I  put  water  into  it,  fo  as  to  fill  only  a  fixth  part  of  its 
bottom,  and  made  an  iron  wire  dip  into  it.  I  infulated  the  fame 
by  two  firings  of  filk,  faflened  to  it  in  C  and  D  ;  I  fbook  the 
bottle,  that  the  water  in  it  might  wret  all  the  infide  of  it,  and 
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made  the  hook  communicate  with  the  Chain.  When  I  grafped 
the  bottom  of  the  bottle,  the  eleófrofcope  rofe  to  a  great  diver¬ 
gency  ;  and  when  I  afterwards  touched  the  Chain  with  my  other 
hand,  I  received  a  drong  droke.  I  then  put  a  lamp  under  the 
bottom  of  the  bottle,  which  foon  made  the  water  in  it  boil,  and, 
in  fuch  hate  of  things,  the  eledrofcope  diverged  no  more.  I  infu- 
lated  the  lamp  F,  when  the  eledrofcope  immediately  diverged  ;  and 
at  the  fame  time,  I  could  continually  draw  fparks  from  the  me¬ 
tallic  prop  of  the  lamp  ;  but  when  I  intirely  touched  it,  the  elec- 
trofcope  immediately  loh  its  divergence.  This  is  to  be  concluded 
therefore,  viz.  that  the  eledric  fire  paded  through  the  bottom  of 
the  bottle,  when  heated  to  the  degree  of  boiling  water.  It  was 
only  after  making  this  experiment,  that  the  fimilar  one,  of  which 
Mr.  Kinnerfley  wrote  a  defcription  to  Dr.  Franklin  from  Phil¬ 
adelphia,  came  to  my  knowledge.  “  I  put,”  fays  he,  “  boiling 
“  water  into  the  coated  Florence  hafk,  and  found  that  the  heat 
<l  fo  enlarged  the  pores  of  the  glafs,  that  it  could  not  be  charged. 
“  The  electricity  paffed  through  as  readily,  to  all  appearance, 
“  as  through  metal  ( a )  :  the  charge  of  a  three  pint  bottle  went 
“  freely  through,  without  injuring  the  glafs  in  the  lead:.  Would 
“  not  this  experiment  convince  the  abbé  Nollet  of  his  egregious 
**  midake  ?  For  when  the  electricity  went  fairly  through  the  glafs, 
“  as  he  contends  it  always  does,  the  glafs  could  not  be  charged 
“  at  all.” 

298.  Even  before  I  had  received  the  complete  edition  of  the 
Works  of  Doctor  Franklin,  I  had  heard  of  the  experiment  made  by 
lord  Cavendiih,  related  in  page  403  of  them.  I  do  not  think,  I  have 
perfectly  well  underdood  the  particulars  of  that  experiment  :  how¬ 
ever,  I  fhall  relate  in  what  manner  I  have  tried  to  imitate  the  elfen- 
tial  part  of  it,  and,  if  I  do  not  midake,  carried  its  confequences 
even  farther.  I.  I  took  a  fmall  tube  of  glafs  C  D  (PI.  VI.  fig.  6.)  of 
white  glafs,  three  lines  in  diameter,  the  fifth  part  of  a  line  thick, 
and  three  feet  long,  through  which  was  paffed  an  iron  wire  G  H. 
I  then  made  the  tube  go  through  the  two  pieces  of  pade-board 
that  ferved  to  clofe  on  each  fide  the  fmall  veflel  of  brafs  A  B, 

(a)  We  (hall  fee,  however,  that  though  the  degree  of  heat  be  higher  than  that  of 
boiling  water,  glafs  never  is  fo  deferent  as  metal  is. 
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which  was  two  inches  broad  on  every  fide.  II.  That  is  to  fay,  I 
placed  the  two  pieces  of  pafie-board  (they  are  not  exprefifed  in 
the  figure,  to  prevent  a  confufion)  in  the  vafe  A  B,  in  fuch  a  man¬ 
ner,  that  the  tube  pafied  through  them,  and  alfo  through  the  two 
openings,  made,  facing  each  other,  in  both  fides  of  the  vefiel  ; 
and  then  I  moved  the  two  fquare  pieces  of  pafie-board  from 
each  other,  fo  as  to  make  them  cover  pretty  exadlly  the  two 
openings.  III.  This  done,  I  introduced  into  the  vefiel  the  ball 
of  a  thermometer  emptied  of  air,  which  could  rife  to  number  255 
above  o  (a).  ;  and,  keeping  the  fame  fufpended,  fo  as  to  have  its 
ball  on  a  level  with  the  lowefl  fide  of  the  tube,  I  poured  into1 
the  vefiel  as  much  iron  filings  as  were  necefiary  to  cover  the 
faid  ball.  IV.  I  made  the  iron  wire  G  H,  that  ferved  as  an  in¬ 
terior  coating  to  the  tube,  communicate  with  the  Chain,  and 
annexed  an  ele&rofcope  to  it  in  H,  which  I  call  the  elec- 
trofeope  of  the  interior  coating.  Laftly,  I  fafiened  to  one  fide 
of  the  vefiel  the  iron  rod  I  K  L,  fufpended  by  a  filk  thread,  to 
which  X  annexed  another  eleCtrofcope,  which  I  call  the  elec- 
trofeope  of  the  exterior  coating  :  becaufe  the  rod  I K  L,  the 
vefiel  A  B  with  the  iron  filings,  and  the  table  on  which  the  whole 
lies,  which  is  infulated,  all  belong  to  that  coating  which  covers 
the  outfide  of  the  tube. 

299.  Things  being  thus  difpofed,  I.  I  excited  the  electricity  of 
the  Chain,  and  in  the  meanwhile  I  now  and  then  touched  the  vefiel, 
but  after  four  or  five  feconds,  could  no  longer  draw  fparks  from  it  ; 
and  the  eleCtrofcope  L,  of  the  outward  coating,  which  at  firfi;  wras 
made  to  diverge  by  the  natural  fire  that  was  driven  from  the 
outward  furface  of  the  tube,  abfolutely  ceafed  to  do  fo,  though  I 
continued  to  touch  the  vafe  5  that  is  to  fay,  in  four  or  five  feconds 
the  charge  was  completed. 

300.  II.  I  then  put  under  the  vafe  a  little  lamp  with  fpirit  of 
wine,  when  X  was  not  a  little  furprifed  to  fee  that,  after  a  few 
feconds,  when  the  thermometer  from  8  degrees  (Farenheit’s  grad. 
25  deg.),  where  it  flood  at  firfi:  (the  experiment  was  made  the 
17th  of  November,  though  a  moll  excellent  weather),  had  fcarcely 

(a)  The  author  fpeaks  here  of  a  thermometer  graduated  after  the  method  of  Monf. 
tie  Reaumur;,  the  number  255  of  which  amounts  to  number  of  Farenheit’s  feale. 
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got  to  nine,  that  the  eledrofcope  L  began  again  to  diverge  a  little, 
while  the  ele&rofcope  K  of  the  inward  coating  manifefted  a  ten¬ 
dency  to  fall.  I  feveral  times  tried  to  afcertain  this  circumftance, 
by  repeating  the  experiment  ;  and  at  every  time  I  found  that 
the  addition  of  a  tingle  degree  of  heat  is  fufficient  to  make  a  charge 
already  completed,  rife  fomewhat  higher  :  which  may  be  owing 
to  two  different  caufes  ;  either  fuch  a  (mall  increafe  of  heat  enables 
new  and  remoter  parts  of  the  furface  of  the  tube  to  give  fome  of  their 
eledric  fire  ;  or,  this  fame  finali  degree  of  heat  enables  that  very 
part  of  the  glafs,  which  was  at  firft  as  much  deprived  of  fire  as  it 
then  could  be,  to  yield  fome  additional  one. 

301.  That  t lie  charge  fhould  increafe  after  the  manner  firft 
mentioned,  is  intirely  conformable  to  experience  :  yet  it  appears 
to  me  no  lefs  probable  that  it  increafes  alfo  after  the  fecond  man¬ 
ner,  to  wit,  that  luccefiive  additional  degrees  of  heat  enable  con¬ 
tinual  new  eledric  fire  to  leap  from  other  more  and  more  internal 
pores  of  the  fame  part  of  the  glafs.  Such  h  pothefis  feems  to  be 
conformable  to  the  univerfal  law  of  Jirmlar  actions,  which  never 
proceed  but  gradually  and  evenly  through  the  fubftance  of  bodies;, 
and  it  moreover  particularly  agrees  with  the  nature  of  glafs,  which 
oppofes  the  diffufion  of  the  common  fire  in  the  fame  manner  as 
we  fee  it  does  that  of  the  eledric  fire,  and  is  not  penetrated  by 
it,  but  gradually  and  flowly  :  fo  that  the  dilatation  of  thofe  ftrata 
which  the  fire  has  already  penetrated,  caufes  thofe  which  are 
Hill  impenetrated  and  contracted,  to  break.  Such  hypothefis 
would  alfo  fatisfactorily  explain  the  effed  of  the  method  ufed  by 
fome  perfons  who,  in  order  to  increafe  the  charge  of  certain  bot¬ 
tles,  fill  them  with  water  a  little  warm  :  it  might  in  fuch  a  cafe 
be  laid,  that  fuch  fmall  degree  of  heat  caules  the  electric  fire  to 
be  more  copioufly  and  deeply  condenfated  than  it  was  before,  with¬ 
in  the  pores  of  the  one  furface,  and  alfo  to  be  driven  more  abun¬ 
dantly,  and  from  deeper  parts,  from  the  other  furface  ;  without, 
for  all  this,  pafiing  through  the  fubftance  of  the  glafs,  or  at  leaft 
without  pafiing  in  iuch  quantity  as  to  compenfate  on  the  one  fur- 
racc,  that  greater  quantity  which  is  accumulated  on  the  other. 
But  that  which  particularly  confirmed  me  in  this  hypothefis,  was 
'nc  ther progrefs  of  the  experiment;  becaufe,  III,  it  always  hap¬ 
pened 
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pened  that,  as  the  heat  increafed,  the  divergence  of  the  elec- 
trofcope  L  of  the  exterior  coating  increafed,  whenever  it  remained 
untouched;  and  whenever  the  fame  was  touched,  the  divergence 
of  the  elcclrofcope  H  diminithed. 

j 

302.  IV.  When  the  mercury  was  not  above  the  20th  degree, 
even  then,  if  the  vale  was  frequently  touched,  very  fen  tibie  f  parks 
were  thrown  out,  and  in  thofe  inftants  the  eledrofcope  H  was 
falling  down.  To  explain  thofe  circumftances  fhall  we  fay,  that 
they  were  not  owing  to  the  charge  which  did  only  reach  fucceflively 
deeper,  but  to  the  fire  that  fairly  pa  fled  through  the  fubflance  of 
the  glafs  itfelf?  Yet,  charges  often  fucceed,  and  are  exactly 
completed  (that  is,  fparks  from  the  outward  coatin  ;  are  often 
feen  intirely  to  ceafe)  in  fummer  days,  though  the  thermometer 
rifes  to  22  degrees,  or  more;  that  is,  to  a  degree  of  heat  luperior 
to  that  which  obtained  in  the  above  experiment. 

303.  V.  From  this  experiment  I  could  conclude  no  fure  me¬ 
thod  of  determining  nearly  enough,  at  what  degree  of  heat  the  elec¬ 
tric  Are  really  traverfed  the  fubflance  of  the  glafs.  At  25  degrees, 
when  I  conflantly  touched  the  outward  coating,  the  cle&rofcope  H 
of  the  interior  coating  was  already  conflderably  lowered,  and  only 
i'ofe  again  to  its  greateft  divergence,  when  I  left  touching;  and 
then,  in  four  or  five  feconds,  the  eleclrofcope  L  acquired  a  di¬ 
vergency  equal  to  the  greateft  of  the  eledrofeope  H. 

304.  Vi.  This  at  leaft  I  have  concluded,  viz.  that  a  degree  of 
heat,  much  beyond  that  of  boiling  water,  is  requifite  to  render  a 
glafs  as  pervious  to  eledric  fire  as  metal  is.  When  the  adion  of 
the  flame  had  lafted  twelve  minutes,  the  mercury  rofe  to  140  de¬ 
grees  ;  yet,  when  I  then  touched  the  exterior  armature,  two  feconds 
were  necefiary  for  the  eledrofeope  H  to  lofe  its  divergence  ;  nor  did 
it  even  completely  lofe  it,  though  I  conflantly  touched  the  faid 
coating,  but  always  was  fomewhat  attracted  when  1  prelented  my 
finger  to  it  :  whence  we  muft  conclude,  that  even  at  fuch  degree 
of  heat  the  eledric  fire  did  not  freely  go  through  the  glafs. 

305.  Every  part  of  the  apparatus  being  grown  cool,  I  fubftituted 
another  tube  made  of  the  fame  kind  of  glafs,  but  of  a  thicknefs 
double  to  that  of  the  former;  and  I  then  found,  I.  That  the 
charge,  when  every  thing  was  in  its  natural  fiate  of  coldnefs,  was  foon 
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completed  ;  that  is  to  fay,  in  two  or  three  feconds,  conformably  to 
what  has  been  obferved  before,  that  thick  gl  alfe  s  can  only  receive  a 
lefs  charge.  II.  Tne  fparks  from  the  exterior  coating  have  taken 
more  time  to  appear  with  a  certain  degree  of  vividity.  III.  And 
laftly,  it  only  was  after  twenty-four  minutes  of  a  continual  heating, 
when  the  mercury  had  rifen  to  190  degrees,  that  it  appeared  to 
me  that  the  fire  pafied  freely  enough  through  the  fubftance  of  the 
glafs  :  lìnee  that  time,  whenever  I  continued  to  touch  the  outward 
coating,  the  eledrofeope  H,  of  the  inward  one,  lofi  nearly  its 
whole  divergence. 

306.  Laftly,  I  tried  the  fame  day  a  third  tube,  a  twelfth  part  of 
an  inch  thick,  and  of  a  greenifh  kind  of  glafs  ;  and  I  became 
filli  more  confirmed  in  the  opinion,  that  glafies  of  different  de¬ 
grees  of  thicknefs  never  are  traverfed  by  an  equal  quantity  of  elec¬ 
tric  fire,  but  when  thofe,.  which,  are  thickeft,  have  contracted  a 
greater  degree  of  heat  than  the  others  :  in  fad,  the  mercury  had 
already  rifen  to  200  degrees,  when,  though  I  confiantly  touched 
the  eledrofeope  L,  the  eledrofeope  H  Hill  retained  a  pretty  con- 
fiderable  divergence. 

307.  When  1  attempted  at  firft  this  kind  of  experiment,  I  ufed 
fhort  tubes,  and  a  rod  K  L,  that  likewife  was  only  fotne  few 
inches  long  :  I  likewife  made  ufe  of  a  lamp  with  oil  of  olives,  and 
made  the  experiment  in  a  clofe  room  :  each  of  which  circum- 
ftances  obftruded  the  fuccefs  of  the  experiment  ;  for,  even  though  I 
continued  touching  the  outward  coating,  the  eledrofeope  L,  an¬ 
nexed  to  it,  continued  to  diverge.  I  obferved  that,  when  I  began  to 
touch  the  coating,  the  eledrofeope  firfb  fell  down,  and  then  be¬ 
gan  to  diverge  again,  though  I  Hill  continued  to  touch  ;  whence 
I  perceived  that  it  did  not  diverge  in  confequence  of  its  own  elec¬ 
tricity,  but  becaufe  it  was  immerfed  in  vaporous  eledrified  air.  I 
concluded,  therefore,  that  a  flame  from  fpirit  of  wine,  by  yielding 
vapours  lefs  eledrifiable,  would  be  fitter  for  my  purpofe  :  thar, 
by  ufing  longer  tubes,  and  a  longer  rod  I  K  L,  the  eledrofeope  L 
would  be  more  diftant  from  thofe  bodies  that  eledrified  the  va¬ 
pours  in  the  room  ;  and  laftly,  that,  by  keeping  my  inftruments 
in  the  open  air,  all  fuch  vapours  and  eledricity  would  be  prevent¬ 
ed. 
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ed.  And  it  has  only  been,  after  all  thefe  precautions,  that  I  could 
bring  the  experiment  to  its  nece flaxy  flmpiicity. 

308.  But  let  us  now  draw  lome  ufeful  rules  from  all  tnefe  ob- 
fervations  and  experiments.  Certainly,  it  to  the  above  mentioned 
effects  of  heat  on  glafs,  we  join  what  has  been  explained  and  dii- 
cufled  in  this  chapter  and  elle  where,  I  am  greatly  miflaken,  if  it  does 
not  give  much  afliflance  for  the  lolution  of  the  important  problem 
of  producing  the  greatefl  pofflble  charges.  I.  Let  an  apparatus 
be  procured  of  a  Chain,  Machine,  and  glafs,  that  be  mod  aCtive, 
that  is,  that  can  procure  the  greatefl;  pofflble  quantity  of  fire  in  a 
given  time.  To  that  end,  an  apparatus  of  glafs  plates  will  be 
very  ufeful,  if  it  can  be  procured  fo  as  that  each  plate  performs 
its  own  function  with  a  fuflicient  degree  of  exaCtnefs,  according 
to  what  has  been  faid  in  number  52.  II.  Let  glafles,  or  cryflals, 
be  chofen  that  be  old  enough,  in  which  there  be  the  greatefl:  pof¬ 
flble  capacity  and  t-hinnefs,  taken  together  ;  and  in  which  a  fufli¬ 
cient  amplitude  be  combined  with  the  leaf!  perimeter  pofflble  of 
uncoated  margins  :  the  reafon  of  the  latter  caution  is,  becaufe 
glafles,  like  air,  feldotn  influiate  thoroughly  ;  therefore,  the  Ids 
the  uncoated  margins  are,  the  lefs  the  number  will  be  of  points 
through  which  the  two  contrary  electricities  may  communicate, 
and  thus  deftroy  each  other.  This  is  one  of  the  reafons  why  in 
cledtric  batteries  the  flrength  of  the  charges  does  not  increafe 
proportionally  to  the  number  of  the  glafles  that  are  ufed,  and  why  a 
veflel  with  a  long  narrow  neck  receives  more  vehement  charges 
than  a  plate,  even  of  a  greater  capacity:  to  this  reafon  I  have 
imputed  thofe  mod  vehement  fparks,  which  I  could  draw  from 
the  ftratum  of  cement  with  which  I  had  coated  the  globe  of  hrafs 
(PI.  IV.  fig.  5.).  III.  Thefe  margins  mud,  befides,  be  kept 
'extremely  well  polifhed  ;  and  when  either  they,  or  the  other  parts 
of  the  glafs  are  to  be  warmed,  care  mud  be  taken  not  to  render 
them  fenfibly  pervious  to  the  electrical  Are.  IV  Armatures  or 
coatings  mud  be  ufed,  that  are  in  the  higheft  degree  de¬ 
ferent,  confequently  made  of  metal  ->  they  mud  befldes,  (in  thofe 
places  particularly  whence  the  fpark  is  to  be  drawn),  be  oi  a 
'fuflicient,  folidity,  fo  that  the  heat  of  the  metal,  which 
would  otherwife  be  melted,  do  not  injure  the  glafs  :  the  angles 
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mud,  moreover,  be  dipt,  or,  which  is  better,  the  perimeter  mud  be 
lined  with  an  edge  of  fealing  wax,  where  it  lies  expofed  to  the 
open  air  (we  diali  fee,  in  its  proper  place,  what  is  to  be  under- 
ftood  by  the  words  open  air )  ,  and  care  muli;  be  had,  that  the  fy- 
dems,  with  which  the  coatings  communicate,  and  which  are  there¬ 
fore  as  it  were  a  prolongation  of  the  latter,  be  freed  from  any  fliarp- 
nefs  or  afperity  on  their  furfaces.  V.  The  two  oppofed  coatings 
mud  communicate  with  the  two  contrary  fyftems,  the  Machine, 
and  the  Chain,  that  the  two  contrary  ele&ricities  may  concur  in 
increafing  each  other. 

309.  It  is  true,  Dr.  Priedley,  in  page  584  of  his  Hiftory,  indi¬ 
cates  a  particular  method  of  increafing  the  charges.  <c  I  charged 
(lays  he)  a  tube  about  three  quarters  of  an  inch  in  diameter,  and 
coated  about  eight  inches,  in  the  glafs  veflel,  containing  about 
two  atmofpheres,  ;  and  it  received  a  much  greater  charge  than  it 
could  be  made  to  take  in  the  open  air,  and  as  near  as  could  be 
judged,  by  the  report  and  dad),  twice  as  great.  At  lad  the  tube 
burli;  by  a  fpontaneous  difeharge,  after  being  charged  and  diL 
charged  three  or  four  times,  in  the  condenfed  air.  It  is  not  at 
all  probable,  that  it  could  have  been  broke  by  any  charge 
it  could  have  held  in  the  open  air.”  But  with  regard  to 
me,  whatever  diligence  I  have  ufed,  I  could  not  fucceed  in  the 
experiment  above.  Let  the  apparatus  be  the  fame  as  is  expreffed 
in  the  Pi.  VI.  fig.  7  :  it  con  fids  of  an  ample  cylinder  of  glafs, 
open  at  both  its  ends  ;  it  is  placed  danding,  and  a  bottom  of  brafs 
is  fadened  to  it,  with  a  folid  ring  of  metal,  and  fome  very  te¬ 
nacious  cement  :  to  the  fuperior  opening  let  another  very  maflive 
ring  of  brafs  be  likewife  fadened  with  cement  -y  this  ring  mud  be 
fo  made,  as  to  be  opened  and  contracted  at  will,  with  a  fcrewT, 
and  it  will  ferve  to  faden  on  the  fame  opening  a  piece  of  leather, 
with  a  lid  of  brafs  :  from  the  middle  of  this  lid  riles  a  drong 
tube  of  brafs,  fupplied  with  a  little  key,  to  which  is  adapted  the 
comprejjmgjyringe.  Before  I  place  the  Laid  lid,  I  put  ajar  of  cry- 
ftal,  coated  on  its  outfide-and  infide,  within  the  cylinder,  as  may 
be  feen  in  the  figure  :  this  jar  is  placed  on  a  fheet  of  lead,  which 
makes  it  communicate  with  the  bottom  of  the  tube,  and,  at  the 
fame  time,  prevents  its  receiving  any  injury  from  a  (hock,  or 
7  other 
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other  accident  :  the  jar  is  befides  fecured,  laterally,  by  {havings 
of  the  fame  metal.  When  the  lid  has  been  placed  on  the  cy¬ 
linder,  I  open  the  top  of  the  tube  of  brafs  which  rifes  from  it, 
and  let  down  through  it  a  thin  iron  wire,  which  is  of  a  fufficient 
length  to  touch,  with  one  of  its  ends,  the  bottom  of  the  jar, 
and,  with  the  other,  lean  againft  the  infide  of  the  opening  of 
the  tube.  I  have  a  number  of  times  charged  and  difcharged  this 
vefiel,  thus  inclofed,  fometimes  leaving  the  air  around  it  in  the 
natural  fiate,  fometimes  doubling,  or  even  increafing  fiill  more  its 
denfity  ;  and  in  all  thefe  cafes  the  charges  and  difcharges  have  ap¬ 
peared  to  me  equally  ftrong,  and  the  light  from  them  to  exhibit 
exactly  the  fame  appearances,  either  with  regard  to  its  fparkling, 
or  other  motions.  I  have  charged,  at  the  fame  time,  both  the 
jar  inclofed  as  above,  and  another  glafs  of  the  fame  fize  and  form, 
placed  in  the  open  air  ;  and  I  have  found  that  their  two  charges 
exactly  balanced  each  other,  which  mull  necefiarily  be  the  cafe  : 
whence  we  mult  conclude,  that  the  eledtric  fire  cannot,  though 
inclofed  in  condenfated  air,  acquire  a  denfity  fuperior  to  that  of 
the  fire,  in  a  vefiel  which  Hands  in  the  open  air.  It  is  very  pro¬ 
bable,  that  Dr.  Priefiley  has  made  his  experiment  in  extremely 
favourable  weather,  and  the  intensity  of  the  charges  which  he 
obtained,  have  induced  him  to  think  that  the  charge  of  that 
glafs,  which  flood  in  the  condenfated  air,  was  doubled  ;  and  his 
having  omitted  to  make  the  comparifon,  like  that  juft  mentioned, 
between  the  two  charged  jars,  gives  a  new  degree  of  probability 
to  this  conje&ure. 


CHAP.  VI. 

On  the  prefervatton  of  charges ,  and  increafing  of  difcharges. 

3to.  IITHEN,  in  the  year  1753,  I  wrote  to  the  abbé  Nollet, 
V  V  concerning  the  impervioufnefs  of  glafs  to  the  elec¬ 
tric  fire,  I  ventured  to  tell  Count  Carburi,  that  I  hoped  I  fliould 
once  be  able  to  fend  to  Paris  a  bottle,  hermetically  fealed,  and 
charged  :  but  I  happened,  at  that  time,  to  operate  in  a  very  hot 
ieafon,  nor  did  I  take  fufficient  care  of  the  bottles  ;  hence,  out 
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of  many  bottles  that  I  fealed  after  charging  them,  one  only  could 
afford  fome  remains  of  electricity,  and  thofe  very  fmali,  two  days 
after.  This  very  fame  fad,  though  it  rather  confirmed  me  in  my 
opinion,  (I  intirely  ^imputed  my  want  of  fuccefs,  to  my  want 
of  (kill  in  making  the  experiments)  made  me  fear  that  the 
imperfection  of  the  experiment  would  rather  make  the  cafe  worfe 
-  with  cavillers,  than  throw  a  light  on  the  fubjeCl:  but  Mr.  Canton, 
as  if  he  had  intended  to  relieve  me  from  my  fears,  wrote  to  Dr. 
Franklin  the  31ft  of  October,  1760,  in  the  following  terms. 
“  Having  procured  fome  thin  glafs  balls,  about  an  inch  and  an 
half  in  diameter,  with  Items  or  tubes  of  eight  or  nine  inches  in 
length,  I  electrified  them,  fome  politively  on  the  infide,  and  others 
negatively,  after  the  manner  of  charging  the  Leyden  bottles,  and 
fealed  them  hermetically.  Soon  after  I  applied  the  naked  balls  to 
my  electrometer,  and  could  not  difeover  in  them  the  lead;  fign  of 
their  being  eleCtrical  :  but  holding  them  before  the  fire,  at  the  di- 
fiance  of  fix  or  eight  inches,  they  became  firongly  eleCtric  in  a 
very  fhort  time,  and  more  fo  when  they  were  cooling.  Thefe 
balls  will,  every  time  they  are  heated,  give  the  eleCtric  fire  to, 
or  take  it  from,  other  bodies,  according  to  the  plus  or  minus  fiate 
of  it  within  them.  Heating  them  frequently,  I  find,  will  fenfibly 
diminilh  their  power  ;  keeping  one  of  them  under  water  a  week, 
did  not  appear  in  the  leafi  to  impair  it.  That  which  I  kept  un¬ 
der  water,  was  charged  on  the  ?2d  of  September  lafi,  was  heated 
feveral  times  before,  was  kept  in  water,  and  has  been  heated  fre¬ 
quently  linee;  yet  it  fl ill  retains  its  virtue  in  a  confiderable  de¬ 
gree.  The  breaking  two  of  my  balls  accidentally,  gave  me  an 
opportunity  of  meafuring  their  thicknefs  ;  which  I  found  to  be 
between  feven  and  eight  parts  in  a  thoufand,  of  an  inch.  (The 
reader  may  lee  the  complete  edition  of  the  works  of  Dr.  Franklin, 
publifhed  in  London  in  1769,  p.  401). 

311.  In  confequence  of  this  difeovery  of  Mr.  -  Canton,  Dr. 
Priefiley,  the  30th  of  December,  1766,  “  examined  a  tube  three; 
feet  in  length,  one  half  of  which  he  had  charged  in  the  month 
ci  March  preceding,  and  then  lealed  hermetically;  but  could  not 
perceive  that  it  was  excited  in  the  leafi  degree,  either  by  heat¬ 
ing  or  cooling.  1  he  difference  in  the  refult  of  this  experiment 
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from  feveral  of  Mr.  Canton’s,  related  p.  296,  he  attributed  to  the 
thicknefs  of  the  glafs  tube.  Mr.  Canton  charged  fmall  balls  ex¬ 
ceedingly  thin.  He  alfo  obferved  that  there  was  no  perceivable 
difference  in  the  excitation  of  the  charged  or  uncharged  part  of 
this  tube,  and  that  both  parts  aded  exceeding  well.  He  after¬ 
wards  opened  this  tube,  and  pouring  a  quantity  of  leaden  fhot 
into  it,  found  it  to  contain  a  very  good  charge.  It  gave  him 
one  confiderable  fhock,  and  feveral  fmall  ones;  as  he  made  no  ufe 
of  an  outward  coating,  but  only  difcharged  it  by  grafping  it  in 
feveral  places  by  his  hand.” 

312.  From  thefe  experiments  we  may  conclude  it  as  a  certain 
truth  ;  I.  that  glafs,  when  it  is  not  dilated  by  a  certain  degree  of 
heat,  does  not  condud  the  eledric  fire.  II.  That  glafs  receives 
a  charge,  or,  in  other  words,  contrads  equal  contrary  eledricities 
on  its  oppofed  furfaces,  only  fo  far  as  it  is  not  traverfed  by  the 
eledric  fire.  III.  Therefore,  the  adion  by  which  an  eledricity 
raifed  on  one  of  the  two  furfaces,  raifes  an  eledricity  contrary  to 
it,  on  the  oppofed  furface,  is  not  an  immediate  adion,  but  is  pro¬ 
duced  within  the  fubfiance  of  the  glafs,  by  fome  vibration  or  pref- 
fure,  or  removal  of  fom t  fupport,  or  in  general,  by  fome  alteration 
or  other,  produced  by  the  exciting  eledricity,  either  in  the  glafs, 
or  the  fire  inherent  in  it.  IV.  Laftly,  the  equality  between  two 
contrary  eledricities  that  conflitute  the  charge,  ceafes  to  be  per¬ 
manent,  whenever  the  glafs  begins  to  be  penetrated  by  the 
eledric  fire.  Hence,  though  when  Mr.  Canton  heats  his  balls  of 
glafs,  a  deficiency  at  firfi:  takes  place  on  the  outward  furface  of 
them,  equal  to  the  excefs  raifed  in  the  infide,  yet,  this  exceffive 
fire  will  no  fooner  be  able  to  pafs  from  the  inward  to  the  outward 
furface  of  the  ball,  than  it  will  remain  without  any  effed  ;  or  at 
lead  it  will  only  have  that  of  filling  up  the  outward  deficiency, 
and  no  eledricity  will  of  courfe  be  manifefted  :  therefore  we  may 
fay,  that  in  proportion  as  the  heat  begins  to  dilate  the  glafs,  the 
outward  furface  of  it  draws  nearer  to  its  natural  fiate  ;  alfo,  that 
the  inward  excefs  pafling  through  the  glafs,  and  at  lafi  accumu¬ 
lating  itfelf  on  the  outward  furface,  manifefis  itfelf  there  by  the 
ufual  figns.  In  fad,  that  the  glafs  once  rendered  penetrable,  does 
not  require  any  longer  to  pofiefs  the  two  contrary  eledricities,  in 

order 


ARTIFICIAL  ELECTRICITY. 


136 

order  to  its  being  able  to  manifeft  either  of  them,  plainly  refutes 
from  what  I  faid  in  my  book  of  the  'vindicating  electricity,  p.  63, 
64.  I  warm  a  plate  fo  intenlely,  that  I  cannot  hold  it  for  a  fingle 
moment,  I  prefent  it  to  a  rod  that  hangs  from  the  chain,  and  it 
becomes  ele&rified  by  excefs  in  every  one  of  its  parts,  juft  as  if  it 
was  a  body  that  were  deferent  by  itfelf.  V.  It  follows  moreover, 
that  if,  in  order  to  preferve  the  charges,  Mr.  Canton  has  been 
obliged  to  keep  them  even  from  the  heat  of  an  autumnal  day,  we 
may  conclude,  that  the  eie&ric  lire  can  be  enabled  to  pafs  through 
glafs,  (though  perhaps  very  fcarcely  and  flowly)  by  a  very  incon- 
liderable  degree  of  heat. 

313.  To  proceed  now  to  the  objedl  of  this  chapter,  I  obferve 
that  the  glafs,  when  thoroughly  impervious  to  the  define  fire, 
abfolutely  prevents  difeharges  from  taking  place;  and  that  air,  be¬ 
ing  always  more  or  lefs  impregnated  with  deferent  particles,  and 
befides  of  a  very  moveable  nature,  can  only  retard  them.  I  have 
many  times  found  a  remnant  of  charge  in  bottles,  fixteen  hours 
after  charging  them  ;  I  found  them  fo,  fometimes,  after  twenty*» 
four  hours,  or  even  more  ;  and  from  my  experiments,  as  well 
as  from  thofe  of  others,  it  refults,  that  the  duration  of  fuch  rem¬ 
nants  is  always  in  proportion  to  the  drynefs  and  purity  of  the 
air  :  luch  proportion  again  proves,  that  the  fubftance  itfelf  of  the 
glafs,  has  not  of  itfelf  the  propriety  of  transfufing  and  difiipating 
charges. 

314.  The  queftion  has  been  propofed,  whether,  in  order  to 
preierve  the  charge  of  a  bottle,  it  mult  be  kept  on  an  infulating  or 
a  deferent  body.  Certainly,  if  we  touch  the  hook  of  it,  an  d  that 
the  body  on  which  it  is  laid,  be  deferent,  a  difeharge  will  enfile  ; 
becaufe  the  electricity  of  the  hook  will  difiipate  itfelf  through  the 
perlon  who  touches  it,  and  at  the  very  lame  inftant  the  other  deliri- 
city  will  alio  difiipate  itlelf,  through  the  deferent  body,  into  the 
ground  :  but  in  Older  to  relolve  the  queftion,  whether  the  elec¬ 
tricity  be  better  preierved  by  placing  the  bottle  fo  that  either,  or 
noth,  its  furfaces  beinlulated,  I  have  made  the  following  experi-, 
ment.  I  hold  the  belly  of  the  two  bottles,  AB,  ab  (PI.  IL 
fig.  6.)  and  prelent  at  once  their  hooks  to  the  chain,  and  when 
the  dedtrolcope  informs  me  it  is  proper  time  to  doit,  I  take  them 
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off  at  once.  They  being  thus  charged,  I  place  the  one  on  the 
ground,  the  other  on  the  opening  of  a  tumbler  or  glafs,  which 
is  very  dry,  and  likewife  placed  on  the  ground  :  and  after  what¬ 
ever  intervals  of  time  I  take  up  thefe  two  bottles,  whether  it  be 
of  one,  two  or  more  minutes,  I  cannot  perceive  the  lead  fpark 
take  place  between  their  hooks,  which  I  all  the  while  prefent  to 
each  other  in  the  dark.  Therefore,  I  conclude  that  thefe  bottles 
which  are  equal  and  fimilar  to  each  other,  have  both  of  them  a  long 
neck  (which  lad  circumdance  mud  be  obferved),  and  are  equally 
charged,  lofe  equal  portions  of  their  electricities  in  equal  intervals 
of  time,  though  the  one  be  infulated  in  both  its  furfaces,  and  the 
other  in  that  furface  only  on  which  the  electricity  has  been  imme¬ 
diately  raifed. 

315.  Let  us  now  examine  the  act  itfelf  of  the  difcharge,  and 
the  circumdances  that  contribute  to  weaken  it,  the  quantity  of 
charge  being  fuppofed  to  be  known.  Such  weakening  of  the  dif¬ 
charge  may  happen  in  two  different  ways;  either  becaufe  the 
iffuing  of  the  fpark  is  lengthened ,  or  part  of  the  fame  is  left  behind  ; 
and  the  difcharge  is  the  greated  poffible,  only  when  the  ruffing  of 
the  fpark  is  both  fimultaneous ,  and  confids  of  the  greated  portion 
pofiible  of  the  exceflive  fire.  Thefe  circumdances  may  be  ob- 
dructed  by  all  the  feveral  kinds  of  refi  dance  which  the  fire  may 
meet  with,  either  in  gathering  itfelf  from  various  points  of  the 
redundant  furface  towards  that  place  to  which  the  conducting 
bow  is  prefented  ;  or  in  getting  into  the  conducting  bow  itfelf,  or, 
alfo  in  pafiing  through  the  fame  ;  or  even  in  diffufing  itfelf  from 
the  fame,  to  the  different  points  on  the  deficient  furface  of  the 
glafs  which  is  to  receive  it. 

316.  Therefore,  coatings  deferent  to  a  high  degree,  as  I  ob¬ 
ferved  before,  perfectly  continuous,  and  of  a  fufficient  thicknefs, 
will  caufe  the  fire  mod  readily  to  run  to  that  place  whence  the 
difcharge  is  excited,  and  mod  rapidly  to  diffufe  itfelf  over  the  de¬ 
ficient  furface.  I  touch  feveral  conductors  with  my  finger,  which 
I  indantly  remove  :  if  the  conductor  be  perfetly  deferent,  for 
indance  of  brafs,  no  farther  fpark  can  be  drawn  from  it  ;  but  if  the 
fame  is  made  with  gilded  padeboard,  I  can  then  draw  a  fecond 
fmall  fpark  from  it,  which  is  proportioned  to  the  very  fmall* 
it  is  true,  but  yet  very  frequent  interruptions  in  the  gilding.  If  the. 
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faid  conductor  be  made  of  padeboard  alone,  I  then  can  draw  a 
number  of  fparks  proportioned  to  the  much  greater  refinance  of  the 
naked  padeboard,  however  damp  it  may  be.  I  repeat  it  therefore, 
that  metallic  coatings  perfectly  continuous,  will  contribute  much  to 
unite  the  difcharge,  will  leffen  any  remnant  of  it,  and  confequently 
drengthen  it;  I  therefore  prefer  coating  my  glafles  with  (beets  of 
tin  or  lead,  rather  than  to  ufe  water,  which  is  deferent  in  a  lefs  de¬ 
gree  ;  and  I  prefer  fuch  continuous  coatings  to  the  ufe  of  fmall  (hot 
of  lead,  or  even  filings  of  iron,  becaufe  the  latter  do  not  form 
fo  continuous  a  body:  iron  filings  are  befides  liable  to  grow  rudy. 
When  the  bottles  are  but  fmall,  I  fill  them  with  mercury,  which 
of  itfelf  is  extremely  deferent,  and  touches  in  all  parts  the  furface 
of  the  glafs. 

317.  In  the  fecond  place,  befides,  were  we  minutely  to  defcend 
into  every  particular,  we  might  add,  that  the  fpark  will  probably 
be  dill  more  united  and  fimultaneous,  if  the  heads  of  the  conduct¬ 
ing- bow  are  applied  to  the  centre  of  the  coatings  ;  we  (hall  fee 
with  refpeCt  to  this,  that  a  certain  law  obtains  concerning  the  di¬ 
rection  of  the  fpark,  which  will  confirm  this  fufpicion  ;  the  only 
confideration  we  (hall  offer  here  to  the  reader  is  that  of  the  fol¬ 
lowing  mechanic  principle,  viz.  that  an  elaftic  fluid  will  bed  ga¬ 
ther  itfelf  into  that  point,  to  which  it  may  run  from  equal 
didances,  on  all  fides. 

318.  Certainly,  a  fufiicient  capacity  and  continuity  in  the  con¬ 
ducting  bow  mud  alfo  contribute  to  facilitate  the  uniting  together 
the  whole  charge.  Thus  a  very  drong  difcharge  will  indeed  be 
effected  through  a  drip  of  gilded  paper  two  or  three  inches  long; 
but  if  the  fame  be  extended  to  the  length  of  fome  feet,  the  fmall 
refidances  from  the  fmall  interruptions  in  it  will  be  multiplied; 
the  difcharge  will  produce  but  a  fmall  crack,  and  will  only  be 
completed,  for  a  great  part  of  it,  by  a  continued  rattling.  Com¬ 
monly,  fmall  Chains  are  ufed  to  carry  the  difcharge,  and  as  every 
ring  of  it  only  touches  that  next  to  it  in  a  few  points,  thence  re- 
refults  a  degree  cf  refiflance  proportioned  to  the  fmallnefs  of  thofe 
points.  The  number  of  fuch  refidances  is  indeed  infinitely  lefs 
than  thefe  from  the  interruptions  in  the  gilt  paper  ;  no  great  diffe¬ 
rence,  when  a  chain  is  ufed,  will  refult  either  in  the  crack,  or  the 
'.other  effeCts  of  the  fpark,  at  lead  as  far  as  the  bluntnefs  of  our  fenfes 
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will  allow  us  to  judge;  but  yet,  fuch  chain  as  we  (hall  better  fee 
hereafter,  affords  fome  degree  of  reddanee,  .therefore  I  prefer  a 
continued  rod  of  brafs,  a  fourth  of  an  inch  thick,  and  I  obferve  not 
to  anoint  with  oil  the  fcrews  into  which  terminate  the  two  ends  of 
it,  which  are  dedined  to  be  inferted  into  the  balls  MO;  becauie 
fuch  ointment  would  produce  fome  re  flit  a  nee  ;  and  indeed  I  have 
fometimes  obferved  a  portion  of  the  fpark  externally  to  lighten 
from  that  line  which  parts  the  rod  from  the  ball. 

319.  But  a  farther  rclidance  can  alfo  arile  from  the  conducing 
bow  itfelf,  whatever  may  be  its  capacity  and  intrindek  deferent 
quality  ;  with  regard  to  this,  a  more  minute  difeuffion  is,  I 
think,  neceffary.  The  experiment  of  the  bottle  of  Leyden  was 
fcarcely  known,  when  the  Abbé  Nollet  and  Mr.  Monnier,  junior, 
undertook  to  difeharge  fuch  a  bottle,  through  long  conductors, 
either  to  try  to  what  didance  fuch  difeharge  might  be  carried,  or 
to  difeover  the  velocity  of  its  paffage.  I  fufpeCt,  that  in  that  ex¬ 
periment  efpecially  in  which  they  attempted  to  difeharge  the 
bottle  through  an  iron  wire  a  league  long,  the  difeharge  took  a 
much  fhorter  way,  fince  the  wire  lay  on  the  green  grafs,  went 
over  wooden  fences,  and  was  afterwards  fpread  over  a  newly 
tilled  ground.  We  have  obferved  before,  that  in  order  to  com¬ 
plete  a  difeharge,  there  is  no  neceflity  that  the  very  fame  fire 
which  runs  from  the  redundant  part,  lhould  itfelf  reach  the  de¬ 
fective  furface;  we  diali  foon  have  occadon  to  obferve,  that  elec¬ 
trical  fire  diffufes  itfelf  into  that  receptacle  which  lie  neared  at 
hand,  though  it  may  be  of  a  nature  fomewhat  lefs  deferent,  and 
that  it  alfo  runs  from  the  neared  place  that  can  fupply  it. 

320.  In  the  courfe  of  their  experiment,  the  Englifh  philofophers 
made  the  fame  obfervation,  and  obviated  the  error  to  which  they 
would  elfe  have  been  expofed,  by  infulating  their  long  iron  wire  on 
dicks  of  wood  dryed  in  the  oven.  I  diali  relate  the  lad  and  greated 
experiment  that  was  made  relative  to  that  objeCt  under  the  direction 
of  Mr.  Watfon.  They  infulated  an  iron  wire,  which,  by  the  num¬ 
bers  of  its  windings,  completed  the  fpace  of  two  miles  ;  the  eleCtric 
Machine  was  in  the  middle  of  the  circuit,  and  there  an  obfervator 
held  in  each  of  his  hands  one  of  the  two  wires,  each  a  mile  long  ; 
the  other  end  of  one  of  the  faid  wures  communicated  with  the  outfide 
of  the  bottle,  and  the  other  end  of  the  other  wire  communicated 
with  the  Chain,  to  which  the  bottle  was  fufpended.  The  difeharge  of 
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the  bottle  was  repeated  feveral  times,  and  not  the  lead  difference 
in  point  of  time  could  be  perceived  between  the  explofion  and 
fhock,  by  the  Obfervator  who  united  in  both  his  hands  the  two 
wires,  each  a  mile  lon°;. 

,3-21.  But  what  is  more  effential  to  our  prefent  objedt,  is,  that 
in  all  the  explofions  thus  made  through  conductors  of  a  very 
confiderable  length,  it  was  obferved,  that  though  the  bottle  was 
completely  charged,  yet  the  crack  from  the  gun- barrel  that  ferved 
as  a  prime  conductor,  was  lefs  firong  than  when  the  difeharge  was 
effected  in  a  room;  fo  that,  fays  Dr.  Watfon,  an  obfervator  con- 
verfant  with  the  fubjedt  would  not  have  imagined,  from  the  fmall 
fpark  and  noife  that  took  place,  that  the  ftroke  at  the  extremity 
of  the  wire  was  in  any  degree  confiderable.  (See  Prieftley,  p. 

207-) 

322.  Before  I  had  read  fuch  obfervation,  I  had  already  perceived 
fomething  like  it  in  making  an  experiment  which  we  have  occa- 
fion  to  repeat  feveral  times  in  the  year  in  the  rooms  where  our 
Univerfity’s  machines  are  kept.  In  order  to  make  this  experiment 
1  pound  fome  gunpowder  into  a  very  fine  powder  or  duft,  and 
ram  it  into  a  firong  tube  of  glafs,  fo  as  to  fill  up  all  interfiices 
within  it  ;  this  done,  I  fix  into  it  two  brafs  rods  AB,  (PI.  VI. 
fig.  9.)  fharpened  at  their  ends,  and  place  them  at  fuch  a  difiance 
from  one  another,  that  the  fpark  may  leap  from  the  one  into  the 
other;  I  afterwards  place  the  tube  thus  difpofed,  within  the  circle 
of  the  difeharge  of  my  ordinary  eleCtric  fquare,  the  coating  of 
which  is  not  quite  three  fquare  feet,  and  then  I  obferve  the 
following  particulars.  I.  When  the  circle  of  the  difeharge  is 
fhort,  the  crack  and  the  light  produced  by  the  fpark,  are  extremely 
intenfe,  and  the  latter  kindles  the  gunpowder,  as  it  paffes  from  one 
of  the  above  points  to  the  other,  though  difiant  from  each  other  a 
quarter  of  an  inch  and  more.  II.  But  if  I  make  the  circle  or  com- 
pafs  of  the  difeharge  much  longer  (I  feldom  make  it  longer  than 
one  hundred  feet)  then,  though  I  may  infulate  either,  or  both,  of  the 
brafs  wires  that  conftitute  the  communication,  no  kindling  of  the 
gunpowder  will  enfue.  III.  In  order  to  kindle,  it  is  necefiary 
that  the  two  points  Ihould  be  advanced  to  an  eighth  part  of 
an  inch  from  each  other.  At  the  fame  time,  the  fpark  does  not 
leap  from  the  eledtric  fquare  but  later,  that  is  to  fay,  only  when 
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that  end  of  the  wire  which  is  to  draw  it,  is  prefented  to  the 
coating  at  a  diflance  Ids  than  ufual  ;  it  is  thrown  alio  with 
lefs  force,  and  with  a  much  lefs  crack;  the  light  as  well  as 
the  crack  are  not  fimuitaneous,  but  have  in  them  a  kind  of 
fuccejjioiiy  which  our  fenfes  may,  with  fome  degree  of  attention, 
diffinguifh,  though  the  time  cannot,  I  think,  admit  any  kind  of 
menfuration. 

323.  This  experiment  ferves  to  confute  that  dangerous  pa» 
radox,  viz.  that  a  fparkmoft  freely  circulates  through  different  bo¬ 
dies,  without  fuffering  any  obffrudion  from  their  extent,  what¬ 
ever  it  may  be.  It  alfo  demonffrates  that  metals,  in  whatever  de¬ 
gree  they  may  be  more  deferent  than  other  bodies,  yet  afford  fome 
refiflance  to  eledric  fparks,  which  refinance  is  proportioned  to  the 
length  of  the  paffage,  which  thofe  fparks  are  to  take  through  them, 
(fuch  refinance  in  my  brafs  wire  could  not  proceed  from  its  want 
of  capacity,  it  being  fomewhat  above  a  twelfth  of  an  inch  in  dia¬ 
meter)  that  is  to  fay,  proportioned  to  the  length  of  the  column  or 
body  of  eledric  fire  which  lies  diffufed  within  the  metal,  and 
which  the  fpark,  when  it  gets  into  the  latter,  muff  drive  forwards: 
juft  as  Air,  when  I  blow  within  a  tube,  proceeds  no  otherwife 
but  by  driving  forwards  the  air  formerly  contained  in  the  fame. 
Therefore,  the  motion  of  the  eledric  fire  is  fubjed  to  the  common, 
mechanick  laws  of  affiori  and  re-affion ,  from  which  it  feemed 
at  firff  moff  extraordinarily  to  deviate.  And  as  a  laft  confequence, 
I  fh all  obferve,  that  the  above  experiment,  and  that  of  the  light 
we  have  called  overflowing  light  (142.),  reciprocally  afiiff  and  ex¬ 
plain  each  other,  as  well  as  confirm  the  theory. 

324.  From  thefe  fads  an  important  truth  moreover  follows,, 
which  is,  that  the  deference  in  bodies  muff  not,  for  the  future,  be 
effimated  only  from  the  degree  to  which  they  of  themfelves  poflefs 
fuch  property,  and  from  their  eledric  capacity  ;  but  muff  alfo  be 
looked  upon  as  being  proportioned  to  the  length  of  thofe  bodies, 
inverfely.  Certainly,  thofe  brafs  wires  which  I  ufed,  being  con- 
fidered  in  themfelves,  are  belter  condudors  than  my  own  body, 
yet,  when  I  join  them  together  into  a  fingle  wire,  fo  that  they 
conffitute  a  conduding  bow  two  hundred  feet  long,  and  try,  with 
fuch  bow,  to  affed  a  difcharge,  part  of  the  fire  leaves  the  bow 
or  wires,  and  fairly  runs  through  my  bodyrin  confequence  of  the 

8  greater 


142 


ARTIFICIAL  ELECTRICITY. 

greater  refinance  than  ufual  it  meets  with  in  moving  through  that 
ample  and  mod  deferent,  it  is  true,  but  alfo  very  extenfive  metallic 
wire. 

325.  From  the  above  obfervations,  I  have  farther  underftood  the 
rea  fon  of  a  fa#,  which  indeed  ought  originally  to  havefuggeded  to 
me  this  prelent  theory  of  the  refinance  proportioned  to  the  length  of 
the  pafiage,  but  w'bich  I  had  podponed  to  mention,  till  I  had  a  few 
others  more  decifive  to  confirm  it.  After  charging  fmall  plates  of 
glafs,  I  fometimes  happen  to  difcharge  them  by  touching  the  coating 
of  the  one  furface  with  my  thumb,  and  the  coating  of  the  other  with 
the  index  of  the  fame  hand  ;  and  in  this  cafe  I  find,  that  my  two 
fingers  are  ftruck  much  more  drongly  than  when  I  difcharge  the 
fame  plate  by  touching  the  two  coatings  with  my  two  hands  ;  I 
fliall  moreover  add  this,  that  in  the  former  cafe,  the  fpark  is  alfo 
ldronger  and  more  fimultaneous  in  proportion  with  the  Ihorter 
way  it  has  to  go  through. 

326.  In  (hort,  we  have  this  demondrated,  viz.  that  all  other 
things  being  equal,  the  diorted  pafiage  procures  the  greated  dif¬ 
charge,  but  feveral  accidental  circumdances  in  the  body  that  af¬ 
fords  fuch  pafiage  contributes  alfo  either  to  weaken  or  drengthen 
the  difcharge.  Among  fuch  circumdances  we  mud  not  certainly 
forget  to  mention  the  fhape  and  dimenfions  of  the  two  ends  of  the 
conducing  bow,  which  is  to  form  the  communication.  If  fuch 
ends  be  fharpened,  the  difcharge,  if  confiderable,  will  not  indeed  be 
effedted  filently,  notwithdanding  it  fometimes  happens,  that  the  co¬ 
pious  fire  contained  in  clouds,  is  filently  drawn  by  fharp  metallic 
rods  ;  no,  this  will  not  be  the  cafe  here,  unlefs  the  end  of  the  con¬ 
ducting  bowr  be  prefented  very  flowly,  and  if  the  charge  be  extremely 
weak,  a  fpark  diffidently  copious  will  indeed  be  thrown  ;  but  if 
fuch  fpark  be  attentively  examined,  it  will  be  found  to  be  much  di¬ 
vided,  the  fharp  point  beginning  to  draw  fire  before  it  reaches  the 
uiual  didance,  and  the  difcharge  wfill  in  confequence  be  lefs  drong 
than  when  the  fpark  is  drawn  by  a  bow  terminated  at  both  its 
ends  by  balls  exadly  round,  which  can  draw  the  fire  at  once. 
With  reipedt  to  this  howrever,  fonie  limitations  mud  be  obferved, 
beccute,  it  the  diameter  of  the  balls  be  two  great,  another  kind  of 
divifion  in  the  fpark  will  take  place,  which  will  equally  weaken 
the  efiedt  of  it:  it,  for  indance,  a  given  fpark,  which,  in  leaping 
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into  the  ball  of  my  conducting  bow,  which  is  of  half  an  inch  in 
diameter,  keeps  united  into  a  fpace  of  one  twelfth  of  an  inch,  leap¬ 
ing  now  into  a  ball  of  a  diameter  double  to  that  of  the  former, 
it  will  perhaps  fpread  itfelf  on  its  furface  over  a  fpace  double  to  that 
occupied  in  the  firft  cafe  ;  all  which  will  be  more  fully  proved  in 
the  fourth  SeCtion>  where  I  (hall  fpeak  more  explicitly  of  the  effeCts 
and  accidents  relative  to  fparks. 

327.  But  laftly,  the  refijling  medium  itfelf,  through  which  a 
portion  of  the  fpark  is  to  rufti,  may  be  fo  prepared  beforehand,  as 
to  tranfmit  it  more  united,  more  loud,  and  confequently  more 
effectual.  I.  Thus  I  excite  the  fpark  through  a  hole  a  twelfth  or 
a  fixth  of  an  inch  wide,  bored  in  a  fmall  plate  of  glafs,  or  of 
talc;  in  fa  Cl,  every  body  may  have  obferved,  that  when  he  pre- 
fents  his  finger  to  the  Chain,  or  to  the  Machine,  when  animated 
by  a  ftrong  electricity,  the  fire  begins  to  rattle  at  a  greater 
distance  than  that  at  which  fparks  are  thrown  ;  and  thus  the  fub- 
fiance  defiined  to  form  the  fpark  is  divided,  and  the  latter  of 
courfe  weakened.  Now,  a  circumfiance  exactly  like  this  takes  place, 
when  the  conducting  bow  is  prefented  to  the  coating  of  a  charged 
glafs,  efpecially  if  fuch  coating  be  not  even  and  polifhed  ;  in  fuch 
a  cafe,  a  portion  of  the  charge,  if  fomewhat  intenfe,  runs  before 
the  reft,  partly  filently,  partly  with  cracks,  and  that  fpark  which 
follows  is  proportionally  weakened  ;  but  if  the  coating  be  guarded 
by  an  infulating  plate,  the  fire  that  gathers  at  the  fmall  hole  re¬ 
mains  united,  counteracts  and  balances  itfelf,  as  we  filali  fee  in  the 
next  Section,  and  rufhes  to  the  conduCting-bow,  much  more  com¬ 
pact  and  rapid. 

338.  But  I  moreover  ufe  another  contrivance  in  order  ftill  more 
to  unite  the  paflage  of  the  fpark  into  the  fame  point  of  time  ;  this 
contrivance  is  deduced  from  my  principle,  that  the  fpark  drives 
deferent  bodies  into  its  own  way,  as  well  as  from  the  experiments  I 
made  in  the  fixth  chapter  of  th t  Artificial  Electricity,  where  l  proved 
that  fparks  drive  water  into  a  mod  aCtive  vapour.  I  reafoned  thus  :  a 
few  particles  of  water  driven  into  vapour  will  occupy  a  fpace 
many  thoufand  times  greater  than  before,  and  will  confequently 
mod  rapidly  exclude  the  air  from  the  fame  fpace;  therefore,  if 
the  principle  of  the  fpark  (we  (hall  fee  hereafter  what  is  to  be  under- 
ftood  by  th  z  principle  of  the  fpark )  really  drives  water  into  vapour,  and 
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if,  according  to  the  above  law,  it  drives  it  into  that  way  which  it 
marks  out  for  the  fpark  ;  it  will  thus  open  a  very  free  paflage  to 
the  body  itfelf  of  it,  which  is  to  follow,  fo  that  the  whole  fire 
will  rufh  through  Inch  paflage  mod  compad  and  rapid.  In  con- 
fequence  therefore,  of  fuch  reafoning,  I  wet  a  little,  either  with 
fpittle  or  water,  that  portion  of  the  glafs  which  lies  around  the 
hole  through  which  I  propofe  to  dra*$v  the  fpark,  and  thence  al¬ 
ways  follows  a  mod  loud  crack.  In  Ihort,  I  help  art  with  the 
fame  means  which,  as  I  faid  in  another  place,  (Terreftial  Atmof. 
Elec.  pag.  250.}  Nature  herfelf  makes  ufe  of  when  £he  difplodes 
her  loud,  formidable  arrows. 

329.  Thus,  as  in  the  preceding  chapter,  we  have  learned  how 
to  produce  the  mod  intende  charges,  fo  in  this  we  have  difcovered 
how  to  efled  the  mod  intenfe  and  efledual  difcharges.  To  the 
latter  purpofe,  a  conduding  bow  mull  be  ufed,  in  its  nature  ex¬ 
tremely  deferent,  of  a  fuflicient  thicknefs,  and  of  the  lead:  length 
poffible.  The  fame  mud  be  fupplied  with  knobs  at  both  its  ends, 
well  polifhed,  and  of  a  proper  flze  ;  the  fpark  mud  be  excited 
through  a  hole  fufliciently  wide,  bored  through  an  infulating  body; 
and  the  fpark  mud  be  as  it  were  affifled  by  a  drop  of  water, 
through  which  it  may  open  a  free  paflage  to  itfelf,  acrofs  the 
refilling  medium.  Laftly,  while  the  fpark  is  excited,  the  electri¬ 
city  of  the  fyftems  mull  continue  to  be  animated,  that  any  acci¬ 
dental  diflipation  of  the  fire  may  thus  be  inceflantly  repaired. 

CHAP.  VII. 

In  which  fonie  queftions  are  refolved ,  which  ferve  fill  more  to  confirm 
the  theory  on  the  charges  and  difcharges  of  infulating  bodies. 

33°.T7IRST  queflion  :  Do  not  the  coatings ,  befides  their  refpec - 
JL  tively  diftributing  and  uniting  charges,  fomew  hat  contribute 
to  wards  increafing  the  intenfity  of  the  fame  ? 

331.  Dr.  Franklin  took  off  the  hook  and  lid  of  a  charged  bottle 
A,  and  decanted  the  water  in  it,  into  the  bottle  B,  obferving  in  the 
mean  while  to  have  both  bottles  infulated  ;  then  placing  again  the 
hook  into  the  bottle  A,  he  received  neverthelefs,  a  {hock  from  it, 
while  he  obtained  none  from  the  bottle  B,  into  which  he  had 
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decanted  the  water.  Perhaps  might  it  be  fufpeCted,  that  the 
Jtriking  electricity  had  remained  behind  within  the  fur  of  moifture 
which  continued  to  coat  the  infide  of  the  bottle  A  ;  but  another 
experiment  made  by  the  fame  gentleman  removes  this  ground  of 
fufpicion  j  he  dripped  a  charged  plate  of  its  metallic  coating,  and 
he  was  neverthelefs  (truck  by  it.  But  all  objections  whatever,  on 
this  head,  are  farther  confuted  by  the  experiment  I  have  fince 
made:  I  charge  a  naked  plate  by  the  means  of  the  brudi  and  dar 
on  both  its  furfaces  ;  and  after  fupplying  the  fame  with  me¬ 
tallic  coatings,  which  are  moreover  infulated,  I  receive  a  fhcck  : 
this  therefore  remains  afcertained,  viz.  that  the  electricities  which 
conditure  the  charge,  do  not  refide  within  the  coatings. 

332.  The  coatings  do  not  increafe  the  intenjity  of  the  charges  and 
dfchargesj  but  as  far  as  they  receive  a  certain  quantity  of  electricity 
on  that  of  their  furfaces  which  remains  uncovered  ;  which  quantity  is 
exceedingly  fmall  in  comparifon  to  the  eie  civici  ties  that  refide  in  the  op- 
pofite  fui  faces  of  the  infulating  body ,  which  conftitute  the  charge .  In 
the  following  chapter  I  diali  prove,  that  the  electricity  of  deferent 
bodies  intirely  refides  on  their  furface,  and  in  no  diape  whatfoevef 
within  their  fubdance  j  but  independently  of  any  farther  proof  we 
may  give  hereafter  on  this  head,  the  long  feries  of  fparks  that  is 
requifite  to  difcharge  an  infulating  body  by  alternation ,  (No.  290.) 
is  alone  fufficient  fully  to  prove,  that  each  of  the  fparks  drawn 
in  that  kind  of  experiment,  exprefies  the  whole  eleCtric  capacity 
of  the  coating  ;  whereas  it  is  the  fum  itfelf  of  all  thofe  fparks 
which  exprefies  the  quantity  of  the  fire  that  conditutes  the  charge. 

333.  Nor  is  fuch  electricity  in  the  coatings ,  any  wife  neceffary  to 
promote  the  electricity  that  conjlitutes  the  charges .  Let  us  take  a  bottle 
full  of  water  into  which  is  dipped  a  diarp  point  of  iron  ;  there  is 
no  electricity  within  the  water  that  ferves  as  an  interior  coating  to 
the  bottle,  and  when  it  comes  to  be  prelented  to  the  Chain,  or  to 
the  rubbed  glafs  itfelf,  it  immediately  takes  its  charge  ;  yet,  the 
whole  capacity  of  fuch  coating,  is  reduced  to  the  extremely  fmall 
capacity  of  that  point  of  iron. 

334.  I  have  covered  with  fealing-wax  ground  into  very  fine 
powder,  the  fuperior  furface  of  the  plate  of  glafs  A  B.  (PI.  vi. 
fig.  &.)  and  heating  the  fame  very  dowly,  brought  it  to  flow*  fo 
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that  a  Iheet  of  tin  might  be  fixed  to  it.  I  again  fpread  powdered 
fealing-wax  on  this  coating,  and  after  heating  it,  I  applied  to  it 
another  plate  of  glafs  perforated  in  G,  and  alfo  very  hot  ;  lo  that 
the  two  plates  with  the  coating  thus  in  the  middle,  remained  very 
firmly  united  to  each  other.  I  have,  proceeding  after  the  fame  man¬ 
ner,  annexed  another  coating  to  the  other  fide  of  the  plate  A  B,  and  on 
it  another  plate  of  glafs  E  F,  perforated  in  H,  fo  that  the  whole 
formed  a  mafs  compofed  of  a  plate  of  glafs  A  B,  with  its  two  coatings 
covered  with  wax  in  the  middle,  and  of  two  other  plates  C  D,  E  F 
on  each  fide  of  it.  Laftly,  with  a  fharp  knife  I  uncovered  all  that 
part  of  the  inward  plate  A  B,  which  correfponded  to  the  holes 
G  H  ;  I  filled  the  vacancy  with  fhavings  of  tin,  and  through  fuch 
communication  I  tried  to  introduce  a  charge  into  the  inward  plate 
A  B.  This  done,  I  difeharged  it;  when  I  received  fuch  a  fhock  as 
I  never  experienced  before  from  a  common  plate  of  an  equal  fize 
to  this.  Now,  in  fuch  apparatus  the  fealed  coatings  have  of  them- 
felves  no  eledtric  capacity ,  except  indeed,  that  of  the  very  finali 
furfaces  of  the  fhavings  of  tin-fheet,  inferted  into  the  holes 
H,  G. 

33 5.  Whoever  has  a  fufficient  degree  of  patience,  will,  by  the 
fame  means,  procure  an  eledtric  battery  moil  commodious  and 
effedfual.  Let  twelve  plates  be  parted  together  in  the  above  man¬ 
ner,  with  their  coatings  in  the  middle  between  them,  and  let 
pieces  of  the  coatings  of  the  plates  hang  out  on  each  fide  alternately  ; 
then  let  thefe  twelve  plates  be  again  fartened  with  fealing-wax,. 
between  two  plates  of  glafs  externally  naked.  In  fuch  fiate  of 
things,  the  Chain  will  fend  fire  into  thofe  plates  which  are  conti¬ 
guous  to  the  metallic  rtripes  which  get  out  of  the  general  mafs,  with 
which  it  communicates  ;  and  mean  while  the  Machine  will  draw  the 
fire  from  thofe  plates  which  are  contiguous  to  the  metallic  rtripes 
with  which  it  communicates.  The  contrary  eledlricities  which  will 
take  place  within  the  whole,  cannot  pofiibly  intermix  with  each  other; 
no  eledricity  befides,  will  diffufe  and  Jofe  itfelf  through  the  mar¬ 
gins,  fince  none  are  left  Lartly,  the  total  weight  of  this  eledtric 
battery  will,  be  the  leart:  portable,  if  we  confider  its  capacity:  it  will 
alfo  occupy  the  leart  poffible  fpaee,  fince  under  the  volume  of  lefs 
than  half  a  cubic  foot,  will  be  comprehended  (if  each  plate  admits 
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of  a  coating  of  one  fquare  foot)  a  battery  equal  to  twelve  fquare 
feet. 

336.  Second  Quedion.  To  what  muft  be  attributed  the  remnants 
left  by  difcharges  ? 

337.  The  principal  part  of  fuch  remnants  is  proportioned  to  the  im - 
perfection  of  the  communication ,  and  is  proportioned  to  it.  When  I 

difcharge  the  electric  fquare  A  B  C  D,  (PI.  II.  fig.  8.)  I  bring 
my  conducting  bow  into  an  immediate  contadi  with  the  oppofite 
coatings  ;  the  greateft  pofiible  fpark  is  thus  thrown  out;  and  then 
if  I  indantly  take  off  the  bow,  but  afterwards  touch  again  the 
fquare  with  it,  I  only  obtain  a  very  faint  light  ;  if  on  the  con¬ 
trary,  I  do  not  touch  the  fquare,  but  difcharge  it  by  keeping  the 
knob  of  the  bow  at  the  ufual  didance  through  which  fparks  rufi), 
then,  when  I  touch  the  fquare  again,  I  draw  the  remaining  fire 
which  has  not  been  able  to  leap  through  the  refilling  medium, 
air.  If  I  diredl  the  fpark  through  a  fubftance  that  affords  a  certain 
refillance,  for  inltance,  though  a  llripe  of  tin-foil,  extremely 
narrow,  and  confequently  of  a  very  fmall  capacity,  or  through  me¬ 
tallic  calces,  which  are  deferent  but  in  a  fmall  degree;  in  thefe 
cafes  alfo,  when  after  the  difcharge  is  made  I  touch  again  the 
fquare,  I  find  a  remnant  of  a  fpark  proportioned  to  fuch  increafed 
refinances  ;  and  fuch  a  remnant  may,  by  increafing  the  refinance, 
be  increafed  at  pleafure,  and  the  difcharge  be  diminilhed  accord¬ 
ingly.  A  dininCtion  however,  mud  be  made  with  regard  to  thefe 
kinds  of  refinance  which  as  foon  as  they  begin  to  be  furmounted, 
infiantly  afford  a  mod  free  and  open  pafiage  to  the  difcharge  :  thus 
a  difcharge  tranfmitted  through  water,  which  of  itfelf  is  not  a  lub- 
dance  deferent  to  the  highed  degree,  yet  leaves  a  remnant  of  dif¬ 
charge  exceedingly  fmall  ;  the  reafon  of  this  is,  as  has  been  ex¬ 
plained  before,  that  water,  when  driven  into  vapour,  affords  a 
mod  free  pafiage. 

338.  But  even  after  a  perfeCl  communication  has  been  efia- 
blifhed  between  the  two  oppofed  furfaces,  there  is  dill  a  remnant 
of  a  difcharge  which  is  more  difficultly  drawn,  which  feems  to  ad¬ 
here  to  the  glafs,  and  after  fucceffive  intervals  of  time,  affords 
a  feries  of  other  fparks,  whence  therefore  does  fuch  a  remnant 
proceed,  which  I  may  call  a  reluctant  remnant  ? 
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339.  This  remnant,  I  doubt  not,  proceeds  for  the  greatefl:  part, 
from  the  redundant  electricity,  which,  in  the  aCt  of  charging,  is 
driven  beyond  the  coatings,  into  the  naked  margins  of  the  glafs. 
Such  electricity  is  perceived,  either  while  it  a&ually  accumulates 
itfelf  on  the  margins,  or  in  prefenting  threads  to  thefe  fame  mar¬ 
gins,  which  are  immediately  attracted  by  them;  other  circum- 
llances  may  befides  contribute  to  increafe  this  electricity,  fuch 
are,  I.  The  firength  with  which  the  charge  is  effected.  II.  The 
thinnefs  of  the  glafs.  III.  The  extension  of  one  of  the  coatings 
beyond  the  correfponding  limits  of  the  other. 

340.  In  glafles  to  which  their  coatings  have  been  parted  with  a 
fubitance  that  is  neither  inlulating  nor  perfectly  deferent,  it  may 
be,  that  a  part  of  thofe  reluctant  remnants  proceeds  from  the 
refirtance  which  the  difcharge  neceffarily  meets  within  fuch  fub- 
rtance.  In  an  eleCtric  fquare  to  which  its  coatings  were  fartened 
with  parte  made  with  rtarch,  the  faid  coatings  were,  after  a  matter 
of  a  year,  for  the  greatert  part  feparated.  I  do  not  know  whether 
this  arofe  from  the  force  of  the  difcharges  ;  but  fuch  feparation  lefl- 
ened  much  their  intenfity,  and  it  has  been  rendered  the  fame  only 
when  I  have  again  fartened  the  coatings  to  the  plate. 

341.  In  the  abovementioned  apparatus  of  a  plate  of  glafs  coated 
by  the  means  of  fealing-wax,  the  metallic  coatings  are  immedi¬ 
ately  applied  on  the  rtratum  of  fealing-wax,  which,  together 
with  the  plate,  conftitute  a  fingle  infulating  body  ;  therefore,  no; 
reluCting  remnant  can  arife  from  any  refirtance  of  the  parte  that 
has  been  ufed;  and  that  which  may  arife  from  an  electricity  guffi-- 
Ing  out  around  the  holes  above  mentioned,  may  eafily  be  fup-r 
prefled.  I  therefore  proceeded  thus  :  when  I  had  charged  jointly 
both  the  waxed  plate  A  B,  and  another  plate  of  the  fame  fize  that 
rtood  by  itfelf,  and  was  coated  aftei  the  ufual  manner,  I  placed, 
both  on  a  deferent  table;  I  then  fpread  a  metallic  coating  on  the 
outward  plate,  and  the  whole  mafs  was  thereby  difcharged.  This 
done,  I  immediately  examined  whether  there  was  a  remnant  of 
electricity  in  the  coating  I  had  thus  placed  on  the  plate  C  D,  by 
prefenting  a  very  thin  thread  to  it,  and  I  always  found  fome  figns 
of  electricity,  it  is  true,  but  they  were  exceedingly  weak,  and  of  an 
extremely  fliort  duration,  fo  that  the  thread,  only  moved  a  few 

times. 


ARTIFICIAL  ELECTRICITY. 


149 


times.  I  then  difcharged  the  plate  that  was  coated  in  the  ufual 
way,  and  examined  the  fiate  of  its  coating;  when  I  found  it  to 
continue  for  a  very  long  while  to  draw  the  thread  with  a  con- 
fiderable  degree  of  force;  fo  that  the  eledtrici  ty  which  remained  on 
the  coating  that  had  been  applied  to  the  former  plate,  might  be 
called  nothing  when  compared  to  that  in  the  latter.  I  made  this 
experiment  in  winter  time. 

342.  I  was  therefore  by  no  means  induced  to  conclude,  that  any 
confiderable  part  of  the  reluftant  remnant  proceeds  from  a  quan¬ 
tity  of  eledlricity  which  penetrates  into  the  fubftance  of  the  plate 
©f  glafs,  to  fuch  a  depth  as  to  make  it  difficult  to  extract  it  from 
thence  (which  was  the  objedl  I  chiefly  propofed  myfelf  to  inquire 
into)  ;  and  the  more  fo  as  even  the  very  fmall  remnant  which  I 
perceived  in  the  plate  C  D,  might  very  well  proceed  from  fonie  im¬ 
perfection  in  the  contadi  between  it  and  the  metallic  ffieet,  which 
perhaps  I  vainly  endeavoured  perfectly  to  fpread  upon  it,  though 
I  took  every  poffible  precaution  to  make  the  contadi  perfedt. 

343-  To  conclude;  the  greateft  portion  of  reludlant  remnant 
in  a  plate  of  glafs,  fupplied  with  coatings  exadlly  ffiaped  and 
completely  deferent,  muft  be  attributed  to  redundant  electricities, 
which  by  the  force  of  the  charge,  are  driven  to  a  fornewhat 
confiderable  diftance  beyond  the  coatings,  and  are  flronger  in 
proportion  as  fuch  diftance  is  lefs.  When  the  charge  is  fup- 
prefied,  fuch  eledlrici ties  gradually  diffipate  ;  one  part  of  them  gets 
again  into  the  coatings  ;  the  neareft  make  their  way  firft,  and  af¬ 
ford  the  firft  fparks  which  are  ftronger  ;  to  thefe  gradually  fuc- 
ceed  weaker  ones. 

344.  Third  Queftion.  Whence  proceed  the  holes  and  fjfures  per¬ 
ceived  in  glafes ,  and  what  kind  of  information  can  we  draw  from 
tdieniy  with  regard  to  charges  and  difcharges  ? 

345.  I  blow,  (as  I  obferved  before  in  Numb.  468  of  Artif 
'Elec.)  two  thin  balls  of  glafs,  and  fill  them  with  mercury,  water, 
or  filings  of  iron,  and  infert  into  their  necks  one  end  M  of  the 
condudting  bow  M  N  O,  (PI.  II.  fig.  8.)  and  with  the  bow  thus 
•armed  with  glafs,  I  try  to  difcharge  the  fquare  A  B  C  D,  when  I 
find  that  a  fpark  is  thrown  from  it,  that  bores  through  the  ball,  a 
round  hole,  which  is  about  one-twelfth  part  of  an  inch  in  diameter, 
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without  any  other  figure:  this  is  what  pretty  commonly  happens 
when  the  balls  are  made  of  an  excellent  glafs,  without  bubbles  or 
other  imperfections,  and  every  where  equally  thin. 

346.  But  in  glafs  lefs  perfect:,  or  even  in  thofe  that  are  perfect: 
when  the  operation  is  attempted  after  a  different  manner,  many 
accidents  take  place,  of  which  I  finali  only  mention  the  mofl:  re¬ 
markable.  I.  When  there  are  bubbles  in  the  fubffance  of  the  glafs, 
it  feems  that  the  fpark  marks  out  and  chooles  thofe  that  will  refill 
lead;  nor  does  it  always  perforate  the  whole  of  fuch  bubble,  but 
fometimes  only  bores  a  little  hole,  through  which  the  point  of 
a  finali  pin  hardly  could  pafs  ;  fometimes  a  frefh  hole  is  made  in 
the  centre,  fometimes  in  the  fide,  fometimes,  where  two  bubbles 
join  :  I  commonly  difcover  fuch  holes,  by  blowing  into  the  ball 
and  receiving  the  wind  on  my  hand.  II.  It  often  happens,  that 
from  the  hole,  whether  it  be  narrow  or  wide,  feveral  fiffures  run, 
which  frequently  unite  into  one,  fo  that  pretty  large  pieces  fall 
from  the  bottom  of  the  ball,  which  makes  it  difficult  to  find  out 
the  original  hole  ;  even  fometimes  the  whole  bottom  is  beaten 
into  the  ball.  III.  At'  times,  the  hole  happens  not  to  be  com¬ 
pletely  round,  and  then  it  is  of  an  oblong  or  angular  form  where 
the  circle  ceafes.  This  however  mull  be  obferved,  that  that  hole 
which  is  the  immediate  effedt  of  the  fpark,  has  in  it  very  diftindt 
charadterifiics  from  thofe  which  fimply  refult  from  accidents  in 
the  fiffures  :  the  edges  of  the  latter  are  polifhed  and  bright,  as  is 
the  cafe  in  all  common  fradtures  of  glafs  ;  but  the  edge  of  the  hole 
made  by  the  fpark,  is  covered  with  furrows  converging  towards 
the  infide  of  the  ball  ;  which  make  it  look  rough  and  whitiffi,  as 
is  the  cafe  with  glafs  reduced  into  a  fine  powder.  IV.  When  I 
put  in  the  infide  of  the  ball,  neither  water,  nor  filings  of  iron, 
but  fimply  inferi  into  it  the  end  of  the  condudting  bow  termi¬ 
nated  into  a  point,  then  the  furrows  on  the  edge  of  the  hole 
converge  towards  a  nearer  point  within  the  ball,  and  the  hole 
grows  much  more  contradled  from  the  outfide  towards  the  infide 
of  the  ball  :  all  which  is  conformable  to  the  nature  of  the  fpark 
itfelf,  which  grows  contradled  in  proportion  as  the  compafs  on 
which  it  is  to  adt,  grows  narrower. 
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347.  But  of  all  fuch  holes,  thofe  which  afford  moli  information 
are,  thofe  which  are  leaf!  perfect,  that  is  to  fay,  thofe  in  which  the 
portions  of  glafs  rent  by  the  fpark,  partly  or  all  of  them  remain  in 
their  refpedtive  places.  It  is  not  a  rare  cafe  that  a  number  of  them 
remain  unmoved;  but  that  all  fhould  remain  is  a  very  rare  thing,  and 
which  out  of  a  great  number  of  attempts  has  only  fucceeded  to  me 
once  or  twice  ;  1  fhall  give  a  defcription  of  the  mod  remarkable  cafe  I 
have  obferved.  I.  Exadtly  from  the  fame  vifible  point  on  a  ball  of  glafs 
of  a  middling  quality,  (I  had  put  filings  of  iron  into  the  ball)  feven 
fiffures  ran,  five  of  which  were  extended  to  two-thirds  of  an  inch, 
from  the  point  itfelf  ;  the  two  others  went  to  the  didance  of  an 
inch  and  more  ;  and  the  fedlor  contained  between  the  longer 
fiffures  was  raifed  fomewhat  above  the  fedtors  contiguous  to  it  ; 
whence  I  gueffed  that  the  ffroke  given  by  the  fpark  had  rapidly  di¬ 
lated  the  glafs,  and  rent  it  fo  as  to  raife  the  fedlors  included  be¬ 
tween  the  fiffures,  the  larged:  of  which  had  been  prevented  from 
falling  back  by  its  own  afperities,  and  by  thofe  of  the  fedtors  conti¬ 
guous  to  it.  II.  But  the  mod  remarkable  circumdance  was  the 
opaque  whitifh  colour  obfervable  on  the  top  of  the  fedtor  around 
the  point  from  which  the  fiffures  fprung  ;  the  place  thus  rendered 
opaque,  formed  a  circular  band  a  tenth  of  an  inch  broad,  of 
which  the  faid  point  was  as  the  centre  ;  this  band  being  obferved 
with  a  microfcope  appeared  as  if  it  were  divided  into  a  circle  more 
opaque  than  the  red,  then  into  another  circle  a  little  more  tranfpa- 
rent,  into  another  furrounding  the  latter,  which  was  compofed  of 
feveral  white  points,  and  into  a  number  of  others  of  a  changeable 
colour.  The  edge  of  the  fiffures  within  the  extent  of  the  white 
circle  was  likewife  white;  but  examining  it  with  a  lens  the  focus 
of  which  was  fix  lines  diflant,  the  whitenefs  ceafed  to  be  conti¬ 
nuous,  and  was  divided  into  a  number  of  fhining- coloured  par¬ 
ticles  ;  the  fedlor  that  had  remained  raifed  above  the  others  afforded 
me  an  opportunity  of  examining  its  edge. 

348.  Now,  the  re'ful  t  of  all  thefe  obfervations  appears  to  me  to 
be  this;  I.  The  hole  could  not  be  produced  by  a  fimple  mechanical 
ftroke  of  the  fpark  on  the  lurface  of  the  ball,  but  all  the  abovemen- 
tiontd  accidents  demondrate  both  an  internal  a&ion,  and  a  penetra¬ 
tion.  II.  My  opinion  is,  that  in  order  to  produce  all  the  above 
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accidents,  the  fpark  mud  have  vehemently  diaken  and  driven  for¬ 
wards  the  electric  fire  inherent  in  the  fubdance  of  the  glafs,  and 
have  followed  it  with  its  whole  dream,  dilating  the  minuted  in¬ 
terdices  within  the  fu  bilance  of  the  glafs,  and  dividing  its  particles 
fo  as  to  leave  them  adherent  to  each  other  only  in  fome  few 
points  ;  whence  arofe  the  whitiih  colour  of  the  glafs,  exactly  like 
that  alfumed  by  it  when  powdered  very  fine.  III.  I  think  more¬ 
over,  that  in  confequence  of  this  penetration  and  paffage  of  the 
fpark,  fuch  a  dilatation  mud  have  arifen  by  the  force  of  the  pene¬ 
trating  and  heating  element,  as  to  have  broken  the  glafs  in  the 
Ihape  of  feven  rays,  and  raifed  the  larged  fector  above  the  others. 

349.  Befides  the  whitiih  colour  of  the  lucid,  or  coloured  parti¬ 
cles,  both  the  whitenefs  of  the  fifiures  which  ran  between  the  lucid 
or  coloured  parts,  and  the  lucidity  or  colour  of  the  abovementioned 
points,  prove,  that  all  thefe  accidents  arofe  from  mere  feparations 
of  parts  ;  the  one  very  minute,  the  other  fomewhat  more  conti¬ 
nuous.  I  did  not  forget  to  examine  whether  on  that  fpot  where 
the  white  colour  obtained,  there  was  any  fign  of  a  mixture  of  a 
matter  rather  calcinable  than  vitrefcible,  and  could  not  find  the 
lead  indice  ;  the  furface  was  extremely  fmooth,  without  the  lead 
appearance  of  any  rugofities,  and  the  whitifh  colour  lod  itfelf  into 
the  contiguous  tranfparent  glafs,  not  at  once,  but  gradually. 
Laftly,  when  I  again  obferved  the  fifiures,  either  by  the  common 
light  of  the  day,  or  with  a  microfcope  well  illuminated,  I  found 
that  the  white  appearances  on  the  exterior  edges  intirely  vanilhed; 
they  were  changed  into  a  number  of  very  lharp  bright  points,  and 
thele  edges  belides  appeared  as  if  compofed  of  thin  drata,  the  one 
more,  the  other  Iefs,  extenfively  broken. 

350.  With  regard  to  the  circular  ring  around  the  lucid  points, 
I  diali  defer  to  fpeak  of  them  till  I  fpeak  of  the  fimilar  phenomena, 
which  have  alfo  been  obferved  by  Dr.  Priedley,  on  the  furface 
of  metals;  I  (hall  only  fay  here,  by  the  way,  that  fuch  points  pro¬ 
ceed  from  fuch  portions  of  the  fpark  as  are  fcattered  around  the 
central  and  main  body  of  it. 

351.  But,  to  proceed  at  length  to  the  quedion  which  I  at  fird 
propofed  to  refolve  ;  from  the  above  obfervations  I  drongly  con¬ 
jecture,  that  the  charges  and  dif charges  of  glafes  are  produced  by  an 
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aBion  which  is  propagated  from  the  onefurface  of  the  glafsto  the  other, 
not  fo  much  by  the  means  of  any  vibration  of  the  glafs  itfelf  as  by  the 
means  of  a  vibration ,  or  commotion ,  or  modification ,  whatever  they,  may 
be ,  of  the  eleBric  fire  inherent  in  the  glafs .  In  fad,  if  fuch  a  vibra¬ 
tion  or  commotion  as  we  mention,  leaves  behind  it  thofe  vifible 
marks  we  have  juft  defcribed,  when  a  very  ftrong  charge  is  com¬ 
municated  at  once  by  difiribution ,  (when  the  balls  of  glafs  receive 
the  ftroke,  they  become  very  ftrongly  charged  by  difiribution ,  as 
much  as  the  nakednefs  of  the  one  or  both  of  their  furfaces  will  ad¬ 
mit,)  it  is  moft  likely  that  a  vibration  of  the  fame  kind,  though  lefs, 
will  ferve  to  produce  fome  degree  of  charge. 

352.  This  would  alfo  obviate  another  difficulty  of  fome  impor¬ 
tance,  which  is,  how  bodies  fo  different  from  each  other  as  glafs, 
porcelain,  fulphur,  rofin,  &c.  take  a  charge  in  the  fame  manner:  it 
is  enough  for  this,  that  the  element  inherent  in  them  be  the  fame, 
and  poffefs  in  all  the  fame  aptitude  to  receive  limilar  vibrations. 

353.  But  when  I  afterwards  attentively  confidered  the  experiment 
which  I  had  already  defcribed  in  Numb.  302  of  Atmofi  "Terr.  EleB. 
my  fufpicion  turned  into  a  certainty.  The  experiment  I  mean 
confifts  in  tranfmitting  a  ftrong  fpark  through  a  deferent  body  of 
a  fcanty  capacity,  for  inftance,  through  a  ftripe  of  tinfoil,  inclofed 
between  two  plates  of  wax:  in  the  inftant  of  the  paffage  the  wax 
becomes  as  it  were  tranfparent,  and  is  really  feen  internally  to 
lighten. 

354-  Th  is  experiment  appeared  to  me  interefting  and  worthy  of 
being  repeated  :  in  order  therefore  to  afcertain  the  fad,  that  the 
light  did  not  barely  ftiine  through  the  wax,  but  really  extended  it¬ 
felf  through  its  lubftance,  I  inferted  two  fmall  brafs  rods  into  a 
thick  wax  candle,  fo  as  to  make  them  meet  in  the  middle  ,  then 
fending  the  fpark  through  them,  1  faw  the  candle  filled,  in 
that  part  which  furrounded  the  place  of  the  contad,  with  a  light 
that  grew  gradually  lefs  in  proportion  as  the  diftance  from  that 
place  became  greater. 

355.  In  order  to  enquire  whether  fuch  quality  was  peculiar  to 
infulating  bodies,  I  afterwards  repeated  the  fame  experiment  with 
candles  of  tallow,  of  pitch,  of  cement,  of  fulphur,  of  colophony, 
qf  fealing-wax,  and  Iaftly  with  one  that  was  made  with  a  mixture 
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of  colophony,  fulphur,  and  rofin.  I  allo  tried  the  experiment  by 
applying  the  two  points  to  the  fur  face  of  a  piece  of  porcelain,  and 
faftened  them  upon  it  with  a  thick  ftratum  of  wax  ;  I  experimented 
in  the  fame  manner  with  a  piece  of  opaque  white  glais  ;  and  always 
'  in  its  palfage  the  fpark  diffufed  a  mod  ample  vivid  light  through¬ 
out  the  above  mentioned  fubftances,  which  however  exhibited  dif¬ 
ferent  colours  within  them  :  and  thofe  fubftances,  which  were  of 
a  fomewhat  brittle  nature,  fuch  as  cement,  fulphur.  See.  had  been 
previoufly  warmed  a  little,  left  they  Ihould  break. 

356.  Who  could  therefore  help  thinking,  that  thofe  lights  we 
mention,  proceed  from  a  vibration  of  the  eleflric  lire  particularly 
inherent  in  fuch  bodies  ?  I  indeed  confefs,  that  I  never  was  able  to 
fee  any  light  Ihine  within  the  fubftance  of  a  china  cup,  in  the  a<ft 
of  charging  it:  the  fparks  that  ran  from  the  outftde  of  it  into  my 
hand  did  not  enable  me  to  perceive  the  black  iron-filings  that  I  had 
put  into  it  ;  but  this  does  not  however  deftroy  the  hypothefis.  It 
anight  very  well  be  that  the  reaction  of  the  fparks  rulhing  out  of 
the  outfide  of  the  cup,  being  equal  to  the  aftion  of  thofe  that  were 
accumulating  on  the  infide,  did  not  allow  to  the  fire  inherent 
within  the  fubftance  itfelf,  a  fufficient  vibration  -,  no  vifible  lightning 
therefore  could  take  place.  At  the  fame  time,  thefhort  vibrations 
of  that  fame  fire  tranlmitted  to  the  external  fire  the  motion  intro¬ 
duced  into  the  internal  one,  in  the  fame  manner  ds  in  a  feries  of 
elaftic  balls,  a  (hock  from  the  ball  A  will  drive  only  the  laft  one  F, 
and  leave  all  the  intermediate  ones  B,  C,  D,  E,  in  their  refpe&ive 

olaces. 

1 

357.  But  fuch  a  companion  drawn  from  the  mechanic  fhock  of 
balls,  would  not  entirely  account  for  all  the  phenomena  of  the 
charges  and  difeharges  of  glafies.  It  would,  at  moft,  explain  how  the. 
exceffive  fire  can  accumulate  itfelf  on  the  one  furface,  when  it  be¬ 
comes  enabled  to  drive  the  natural  fire  from  the  other  ;  and  how  it 
happens  that  this  fame  fire,  as  it  were,  runs  back,  and  never  accu- 
n  uhtes  itfelf  when  the  oppofite  furface  comes  to  be  infulated; 
v  huh  is  owing  to  the  feries  of  parts  that  are  to  be  vibrated,  being 
then,  as  it  were,  infinite.  The  fame  comparifon  would  perhaps 
ai  o  explain  how  the  fire  drawn  from  the  one  furface,  cannot  be  re- 
Ituied  to  t,  but  inafmuch  as  the  exceffive  fire  accumulated  on  the 
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other  fiirface  can  be  driven  from  it:  but  it  would  not  explain  the 
two  following  very  material  circumfiances,  viz.  how  it  comes  to 
pafs,  that  the  natural  fire  cannot  be  drawn,  but  as  far  as  a  quantity  of 
exceffive  fire  can  run  to  the  oppofite  furface  ;  and  how  the  exceffive 
fire  accumulated  on  the  one  furface,  cannot  be  diffipated,  but  when 
the  natural  one  can  return  to  the  othar. 

358.  In  order  to  fatisfy  the  reader  with  refpeCt  to  all  the  above 
mentioned  circumfiances,  we  might  perhaps  have  recourfe  to  a 
certain  manner  in  the  pofition,  or  adhefion,  of  the  particles  of  the 
eleCtric  fire  in  the  glafs,  either  with  each  other,  or  with  the  glafs 
itfelf.  But  where  is  the  fyftem  in  nature,  about  which  we  are 
not  to  entertain  doubts,  if  we  undertake  to  meafure  its  probability 
from  the  extent  of  our  comprehenfion  ?  The  connection  between 
the  two  oppofite  electricities  is  evident  from  all  the  experiments 
and  obfervations  that  have  hitherto  been  made  ;  our  inability 
completely  to  evolve  and  explain  fuch  connection,  fhould  perfuade 
us  of  the  fhortnefs  of  our  views,  but  by  no  means  induce  us  to  deny 
what  we  fee,  or  hurry  us  into  fictions  which  at  fir  ft  pretty  well 
agree  with  the  faCts  ;  but  afterwards,  when  attentively  confidered, 
are  found  to  be  totally  repugnant  to  them  This  precipitation  we 
mention,  feems  to  be  the  cafe  with  certain  perfons,  who,  too  fen- 
fible  of  the  difficulty  of  explaining  the  caufe  of  the  two  contrary 
eleClricities,  raile  a  fort  of  rumour  again  ft  the  Franklinian  Theory, 
and  choofe  to  explain  the  above  faCts,  by  the  exigence  of  two 
diuinCt  fluids  ;  but,  for  all  their  endeavours,  they  cannot  make 
us  believe  that  two  fluids  run  from  each  other  feveral  miles,  in 
confequence  of  their  tendency  to  be  more  clofely  united  together. 

359.  But  perhaps  I  have  dwelt  on  this  fubjeCt  more  than  was 
necefiary  :  let  us  return  to  faCls.  I  fhall  conclude  this  article  with 
relating  the  experiment  with  which  in  the  N.  168  of  Terr, 
Atmof,  Elec.  I  proved  the  equality  of  the  aCtions  exerted  on  the  two 
fnrfaces  of  a  plate  ol  glafs  by  the  exceffive  fire  when  it  runs  from 
the  one,  and  the  natural  fire  when  it  returns  to  the  other  :  we  fhall 
derive  thence  more  information  than  from  any  hypothetical  dif- 
quifition  in  which  we  might  engage.  This  is  the  experiment: 

I  fatten  with  fealing-wax  the  extremities  of  the  two  filk  firings  A, 
P,  (Pi.  VI.  fig,  11.)  which  are  fix  feet  long,  to  a  coated  glafs 
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plate,  A  B,  and  I  fufpend  the  fame  by  thefe  two  firings  :  fo  that 
it  freely  hangs  in  a  vertical  plan.  II.  Near  the  centre  of  ofcillation, 

I  annex  to  both  coatings  two  half-balls  of  brafs,  C  D,  which  exactly 
correfpond  to  each  other.  III.  Two  infulated  men,  the  one  comr 
inimicatine  with  the  Machine,  alfo  infulated,  and  the  other  with 
the  Chain,  touch  the  oppofed  furfaces  of  the  plate,  each  with  a 
dripe  of  tinfoil,  for  fear  of  agitating  it,  and  it  thus  takes  its  charge*. 
IV.  This  done,  I  place  myfelf  in  fuch  a  fituation  that  I  may  fee  at 
the  fame  time  the  two  half-balls,  and  prefent  to  both  at  once  the 
two  heads  of  a  conducting  bow*;  then  the  difcharge  is  immedN 
ately  completed,  and  not  the  lead  agitation  perceived  in  the 
plate. 

360.  I  make  the  fame  experiment  with  dill  more  exadtnefs* 
though  with  an  apparatus  fomewhat  more  complicated.  (PI.  VI. 
fig.  11.)  I  infulate,  on  two  little  columns  of  glafs,  a  brafs  rule,  L  N, 
from  which  hang  two  metallic  pendulums,  E  F,  G  H,  terminated, 
into  two  balls  of  brafs.  I  then  place  the  brafs  rule  over  the  plate, 
fo  that  the  two  pendulums  hang  on  each  fide  of  it,  and  almoft. 
touch  the  half-balls  CD  ;  they  are  only  prevented  from  actually 
touching  them  by  two  threads,  F  I,  H  K,  by  which  they  are  tied 
from  behind  to  the  two  little  columns  of  glafs.  Things  being  thus 
difpofed,  the  charge  is  begun,  and  in  the  mean  while  the  two  pen¬ 
dulums  are  raifed  and  keptclofe  to  the  brafs  rule  ;  when  the  charge 
is  completed,  I  let  fall  both  pendulums  at  once,  and  they  at  the 
fame  inftant  reach,  the  two  half-balls,  at  lead  as  near  as  they  are. 

.  allowed  by  the  two  threads  that  are  to  dop  them;  thus  the  dif- 
is  effected,  and  the  plate  remains  unmoved. 

361.  Fourth  Quedion.  Whence  the  fratture  of  the  glajfes  ob- 
ferved  by  Dr .  Priefley  ? 

Dr.  Priedley  made  an  experiment  with  a  battery  of  one  and  forty 
glals  jars,  having  each  a  coating  a  foot  fquare,  and  often  in  the 
aft  of  the  difcharge,  one,  two,  or  more  jars  happened  to  break; 

Inftead  of  my  ufual  conducting  bow,  I  ufe,  on  this  occafion,  a  brafs  wire,  or  firing 
0  a  harpfichord,  that  I  may  eafily  bring  the  two  knobs  together  ;  and  inftead  of 
\  e.uvP,  knobs,  or  brafs  balls,  which  terminate  my  conducting  bow,  I  ufe,  on  account  of 
t.-eir  ightne;s,  two  of  thofe  fo  very  light  and  thin  golden  balls  which  our  country  wo¬ 
men  call  donni y  and  ufe  to  wear  in  their  necklaces,  or  trinkets. 
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fómetimes  in  feveral  places.  In  a  battery  of  thirty-fix  jars,  having 
a  coating  a  fquare  foot  each,  I  often  happened  to  find  four  of  them 
broke,  always  one  at  a  time;  but  for  three  different  times  I  have 
only  perceived  the  breaking  of  the  glafs  feveral  days  after  ufingthe 
battery  ;  whence  I  may  doubt  whether  fuch  breakings  were  not. 
merely  accidental,  like  thofe  of  glafles  not  fufficiently  heated  again 
in  the  furnace,  and  in  fome  places  too  thin.  I  have  feen  only, 
once  the  corner  of  a  jar  lighten  while  I  charged  it  for  the  fecond 
time  in  the  fame  hour,  and  found  it  broke;  but  I  could  difcover 
nothing  more  than  what  had  been  feen  by  Dr.  Prieftley.  More¬ 
over,  one  day  as  I  was  watching  for  the  moment  when  the  bottle, 
AB  (PI.  II.  fig.  5.)  fhould  ceafe  to  give  fparks,  I  faw  a  fparE 
thrown  from  E,  where  the  handle  was  fattened  to  the  body 
of  the  bottle,  and  the  disjointed  handle  remained  in  my  hand  : 

I  was  quick  in  catching  the  bottle  with  my  other  hand,  and 
only  perceived  that  the  handle  had  been  imperfe&ly  fattened, 
and  could  draw  no  kind  of  information  from  all  thefe  fraCtures- 
in  my  glafles  ;  I  only  remarked,  that  after  flopping  with  fealing- 
wax  the  hole  made  in  the  bottle,  it  could,  as  it  did  before,  receive 
any  degree  of  charge. 

363.  But  though  I  have  been  unable  to  analyfe  by  experiments 
thefe  accidents  in  the  glafs,  yet  I  fhall  hazard  fome  conjectures 
with  refpeCt  to  them.  I.  I  fufpeCt  that  the  difcharge  of  the  jars 
that  compofed  the  battery,  of  Dr.  Prieftley  was  not  really  dif- 
charged  at  once  ;  fince  we  have  feen  that  a  difcharge,  when  it  has 
a  great  fpace  to  run  through,  meets  with  fome  degree  of  refittance, 
and  grows  divided.  II.  Therefore  I  fufpeCt  that  the  exceflive  fire 
introduced  into  thofe  jars  which  are  nearer  the  places  through- 
which  the  communication  is  formed,  rufhing  at  firtt  very  compaC! 
and  denfe  into  the  knob  of  the  conducting  bow,  is  repercufled. 
backwards,  and  encreafes  in  fome  degree  the  denfity  of  the  ex- 
cefllve  fire  that  is  retarded  in  fome  other  jar:  to  fuch  fudden  re- 
percufiion  I  think  we  mutt  impute  the  different  fraCtures  of  the 
glafles. 

364.  It  feems  to  me  that  this  hypothefis  would  account  for  the  va¬ 
rious  accidents  obferved  by  Dr.  Prieftley  with  regard  to  the  break¬ 
ing  of  glafles.  I.  It  would  explain  their  multiplicity:  it  is  very 

natural. 


ARTIFICIAL  ELECTRICITY. 


*58 

natural  to  think  that  a  droke  from  the  fire  contained  in  thirty- 
five  jars,  againd  that  contained  in  fix-  (this  is  the  greateft  number 
that  has  broke  with  Dr.  Priedley)  may  exert  itfelf  at  once  on  all 
their  weaked  parts.  IP  It  would  alfo  explain  why  fuch  fractures 
obtained,  whether  he  effected  the  difcharge  himfelf,  or  whether  it 
fpontaneoufly  took  place.  III.  The  fame  hypothefis  would  alio 
explain  the  mod  furprifing  accident  of  all,  which  is,  that  though 
fome  jars  were  broken,  the  effects  of  the  difcharges  on  the  body 
through  which  the  communications  were  edablilhed,  luch  as  melt¬ 
ing  and  difiipating  iron  wires,  were  equal  to  thofe  obferved  when 
all  the  jars  remained  whole.  The  reafon  of  this  is,  I  think,  that 
in  the  difcharge  of  fuch  a  battery  the  momentum  of  the  difcharge  is 
condituted  by  that  portion  of  fire  which,  immediately  and  at  fird, 
rulhes  and  forms  the  fpark  ;  and  the  exceffive  fire  repercuded 
Irom  a  few  jars,  and  kept  back,  is  only  that  which  ferves,  not  to 
render  the  body  of  the  fpark  more  effectual,  but  to  form  a  kind  of 
trailing  alter  it,  which  trailing  is  fo  confpicuous  in  lightning. 
But  to  repeat  here  what  I  faid  before,  I  here  only  mean  to  offer 
my  conjectures  on  this  fubject,  which  I  propofe  to  continue  to 
invedigate  by  obfervations  and  experiments  ;  and  I  fhall  always 
be  ready  to  embrace  any  opinion,  well  fupported  by  faCts,  that 
may  be  propofed  to  me. 

CHAP.  VIIL 

Of  the  Charges  and  Difcharges  produced  by  Friction. 

365.  H  E  excitation  of  the  ele&ricity  by  the  means  of  a 

JL  friction  is  an  objeCt,  till  now,  as  dark  as  it  is  important. 
I  think  I  have,  in  the  appendix  to  my  firft  chapter,  explained 
clearly  enough  the  reafon  why,  of  two  bodies  that  reciprocally  per¬ 
form  a  friction  on  each  other,  the  one,  rather  than  the  other,  im- 
paits  its  fire.  Now  I  propofe  to  enquire  what  accidents  take 
place  in  an  infulating  body  that  receives  the  eleCtric  fire,  for  in- 
dance,  from  the  hand  ;  whence  we  may  alfo  conclude  what  mult 
be  the  caie  with  an  infulating  body,  whofe  nature  is  to  give  it, 
for  indance,  the  lealing-wax,  which  gives  its  fire  to  the  hand. 

366.  And 
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366  And  firft  of  all,  it  appears  from  experience,  that  it  is  not 
necejfary ,  in  order  to  render  an  infulating  body  pojitively  eleòlrified  by 
Jr  id  ion,  that  a  contrary  eleciricity  Jhould  arije  in  the  oppojed  furj'ace  to 
that  where  the  former  is  produced.  In  fadt,  an  electricity  by  excefs 
is  very  well  excited  by  friction  on  a  folid  thick  piece  of  glafs  ;  an 
electricity  by  deficiency,  on  an  oiled  flick,  or  a  flick  of  fealing- 
wax.  Now,  the  manner  in  which  1  excite  thofe  electricities,  viz. 
by  rubbing  only  the  edges  of  the  plate  AB,  (PI.  I.  fig.  10.)  fhews 
that  the  rife  of  a  contrary  eleCtricity  on  the  furface  oppofed  to  that 
which  is  rubbed,  is  fo  little  neceftary,  that  an  eleCtricity  of  the  fame 
nature  may  very  well  be  excited  on  both  furfaces  of  an  infulating 
body,  at  the  fame  time,  if  they  be  rubbed  jointly. 

367.  It  refults  alfo  from  experiments,  that  when  only  one  furface 
of  a  piece  of  glajs  is  rubbed ,  no  eleciricity  ever  takes  place  on  the  oppofed 
furface,  but  after  the  rubbed  part  has  moved  from  the  hand  or  body  that 
performs  the  Jridion .  Then,  and  then  only ,  the  excefive  fre  depofited 
by  the  hand  in  the  ad  of  the  jridion,  di/plays  itfelf  on  that  part  which 
has  juft  been  rubbed  ;  the  one  part  of  which  fire  runs  back  into  the  next 
extremity  of  the  rubbing  body ,  and  then  forms  what  we  called  above , 
the  departing  light  ;  the  other  part  flops  and  accumulates  itfefi  on 
the  glafs ,  and  then  vibrates ,  and  drives  the  natural  fire  inherent  in 
the  oppofite  furface.  The  following  is,  among  many  others,  the  firn- 
pled  experiment  that  demonflrates  the  above  proportion.  Let  the 
circle  s  bed  (PI.  VI.  fig.  12.)  exprefs  the  plate  of  which  I  com- 
.  monly  make  ufe  inflead  of  a  globe  or  cylinder  ;  and  S,  one  of  the 
rubbing  cufhions,  the  other  being  taken  ofFin  this  experiment.  I 
prefent  a  flax  thread  exaCtly  to  that  part  of  the  glafs,  which,  with 
its  oppolite  furface,  prefles  upon  the  rubbing  cufhion  ;  meanwhile 
another  perfon  makes  the  plate  turn  forwards  in  the  direction 
abed ,  and  no  motion  takes  place  in  the  thread  near  the 
place  in  contact  with  the  cufhion,  but  the  fame  is  obliquely  at¬ 
tracted  towards  a ,  that  is  towards  that  part  of  the  glafs  which  has 
juft  left  the  rubbing  body:  I  repeat  the  experiment  feveral  times,  „ 
and  the  refult  proves  conftantly  the  fame. 

We  muft  therefore  conclude  this,  viz.  that  the  excefive  fire  depo¬ 
fited  on  the  glafs  by  the  rubbing  body ,  is  not  able ,  in  that  very  infant 
when  it  is  depofited ,  to  vibrate  the  natural fire  from  the  oppofite  furface  : 

the 
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the  f ridi  ion  only  feems  to  increafe  the  natural  eie  Sirie  capacity  of  the  glafi 
in  that  part  which  is  aSiually  nibbed  ;  fo  that  the  fire  added  to  it  through 
ihe  friB ion,  becomes  as  it  were  natural  to  it,  and  nowife  redundant  ; 
and  therefore  makes  no  effort  againfi  the  natural fire  of  the  oppofite  fur- 
face. 

368.  Hence  it  happens  that  the  friSiion  introduces  no  beginning  of  a 
charge ,  except  where  the  rubbed  part  begins  to  efcape  from  the  contadi . 
In  that  part  alone  the  rubbed fur  face  refumes  its  natural  eleSiric  capacity, 
fo  that  an  accumulated  fire  then  begins  to  difplay  itfelfi  and  endeavours 
to  introduce  a  deficiency  on  the  oppofite  furface,  by  vibrating  and  driving 
the  natural  fire  from  it.  The  truth  of  thefe  principles  may  be  ren¬ 
dered  confpicuous  by  experimenting  in  a  dark  place,  and  prefent- 
ing  a  point  to  the  above  mentioned  plate,  (PI.  VI.  fig.  12.)  and 
making  the  fame  turn  with  a  fufficient  degree  of  rapidity.  So 
long  as  the  point  is  direfted  to  the  rubbing-cufhion,  no  light  ap¬ 
pears  on  the  plate.  In  order  to  have  the  little  (far  fhine  on  the 
point,  the  latter  muft  be  prefented  a  little  beyond  the  cushion  : 
nor  mud  it  be  prefented  precifely  to  that  part  where,  at  the  parting 
of  the  plate  from  the  hand,  the  departing  light  appears,  but  a 
little  farther  :  for  it  feems  that  the  fire  requires  fome  fmall  fpace 
of  time  to  be  able  to  manifefi:  itfelf,  and  drive  the  natural  fire  from 
the  oppofite  furface. 

369.  We  have  therefore  analytically  difeovered  here  a  new  and 
wonderful  way  of  charging  glafs:  the  fame  man  may,  with  one  of 
his  hands,  giveextenfive  fire  to  the  one  furface  of  the  plate,  and, 
with  the  other  hand,  take  the  natural  fire  from  the  other  furface 
of  it  :  the  fame  man  can  perform  the  two  functions  of  both  an  ani¬ 
mated  fyftem,  and  an  indifferent  fyftem  ! — I  take  from  its  place  the 
rubbing-cufhion  S,  (PI.  VI.  fig.  12.)  I  rub  the  plate  with  the  palm 
of  my  hand,  and  with  my  other  hand  I  prefent  a  very  fharp  point 
to  the  oppofed  fide  of  the  plate,  in  a ,  a  little  beyond  the  parting 
light,  and  I  order  the  fame  to  be  turned  evenly.  At  firft  a  very 
vivid  fpark  fhines  on  the  point;  then  it  grows  faint  by  degrees  ; 
the  parting  light,  on  the  contrary,  grows  continually  more  copious., 
and  at  laft  (hews  that  the  charge  is  completed.  I  then  remove, 
at  the  fame  infiant,  both  my  hand  and  the  point,  and  order  the 
motion  of  the  plate  to  be  (lopped:  then  I  take  a  brafs  rod,  one  line 

thick. 
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thick,  rounded  at  its  end  ;  and,  at  the  fame  time  that  I  fuccef- 
fively  prefent  my  hand  to  the  different  parts  of  the  rubbed  furface, 

I  prefent  the  brafs  rod  quite  clofe  to  thole  parts  of  the  other  fur- 
face  which  correfpond  to  them,  when  vivid  brulhes  fpring  from 
every  part  with  a  rattling  noife  ;  and  thus  I  complete  the  dis¬ 
charge  by  the  means  of  a  number  of  fuccelfive  brulhes.  '  I  may  alfo 
filently  effeft  the  fame  difcharge,  by  applying  both  my  hands  to  the 
two  oppofite  furfaces  :  I  can  alfo  effedt  it  with  a  ftroke,  viz.  in 
coating  the  two  furfaces,  one  at  a  time,  and  then  touching  them 
both  at  once. 

370.  And  this  method  of  producing  a  charge  by  fridtion,  how¬ 
ever  furprifing  it  may  appear,  as  it  is  effected  by  a  fingle  perfon, 
or  to  exprefs  it  in  more  univerfal  terms,  by  the  fame  condudior, 
yet  is  fo  clear,  that  it  fcarcely  wants  an  explanation.  I.  The  fric¬ 
tion  from  the  hand  increafes  the  natural  eledtric  capacity  of  the 
glafs;  therefore,  a  quantity  of  fire  flows  from  the  hand  into  the 
glafs.  II.  That  part  of  the  glafs  which  efcapes  from  the  fridtion, 
refumes  its  leffer  capacity  ;  the  depofited  fire  then  manifefts  itfelf  on 
it,  and  drives  the  natural  fire  from  the  oppofite  furface  into  the  brafs 
rod  which  is  prefented  to  it.  III.  When,  afterwards,  the  glafs  by 
turning  gets  again  under  the  rubbing  hand,  the  fridtion  increafes 
a-new  the  natural  capacity  of  the  rubbed  furface,  as  far  as 
the  quantity  of  natural  fire  which  the  oppofite  furface  has  be¬ 
fore  lofi;  will  allow  it,  therefore,  depofits  fome  additional  fire 
upon  it;  till  at  laft  an  equilibrium  is  produced  between  the  force  of 
the  fridfion  for  increafing  the  eledtric  capacity  of  the  rubbed  fur¬ 
face,  and  the  refifiance  from  the  other  furface  againft  fending  any 
more  of  its  own  fire. 

371.  The  difcharge  is  likewife  very  eafily  underftood;  in  or¬ 
der  to  effedt  it,  it  is  enough  to  prefent  the  point  to  the  infide  of  the 
tube,  oppofite  to  that  part  which  is  rubbed.  I  faid  before,  that 
when  I  prefent  the  thread,  or  the  brafs  rod,  oppofite  to  my  hand, 
or  any  other  body  that  performs  the  fridtion,  the  rod  draws  no  fires 
and  the  thread  is  only  obliquely  attradted  towards  that  part  of  the 
glafs  which  has  j ufi;  efcapsd  from  the  fridtion.  But  this,  we  muft  ob- 
ferve,  only  obtains  in  the  beginning  of  the  operation;  for  if  the 
charge  has  been  farther  promoted  after  the  manner  wehavejufi: 

Y  defcribed  ; 
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defcribed  ;  then,  the  thread  is  dire&ly  attra&ed  ;  and  then,  if  we 
prefent  the  point  oppofite  to  the  rubbed  place,  a  very  vivid  brulh 
ruflies  from  the  point,  which  deftroys  the  charge. 

372.  This  experiment  confirms  two  truths,  and  points  out  a 
third.  I.  It  confirms  this  truth,  that  the  excefiive fire  depofited  by 
the  hand  on  the  rubbed  fur  face,  diffufes  it f elf  into  that  furface  without 
making  the  leaf  effort  [during  the  immediate  aB  of  the  fridlion )  to 
drive  the  fire  from  the  oppofite  furface  3  but  diffufes  it f elf  into  the  glafs 
in  confequence  of,  and  as  due  to,  the  then  greater  capacity  of  it. 
II.  It  confirms  this  fecond  truth,  viz.  that  it  is  only  beyond  that  part 
where  the  friction  is  performed,  that  the  depofited fire  manifefis  itfefi ; 
that  is,  at  that  place  at  which  the  glafs  returns  to  its  leffer  natural  ca¬ 
pacity,  and  it  is  likewife  at  this  fame  place,  that  the  riattimi  fire  be¬ 
gins  to  be  driven  from  the  oppofite  furface.  III.  The  fame  univer- 
dally  demondrates,  that  that  part  of  the  furface  of  the  glafs  which  is 
oppofea  to  that  part  of  the  other  furface  which  is  rubbed,  is  exactly  in 
the  fame  difpofition  as  to  receiving  back  the  natural  fire  of  which  it  has 
juft  been  deprived,  or  an  additional  fire,  or  again  to  throw  its  own 
fire,  as  if  the  other  furface  were  not  rubbed. 

373.  Thefe  truths  prepare  the  way  for  producing  and  analyfing 
another  method  of  forming  a  charge  by  fridtion  ;  I  mean  to  fpeak 
of  that  kind  of  charge  which  is  effected  by  rubbing  the  naked  fur¬ 
face  of  a  glafs  the  other  of  which  furface  is  coated.  The  experi¬ 
ment  has  been  firft  invented  by  Dr.  Franklin,  who,  by  his  vad  and 
penetrating  genius,  has,  without  any  farther  affidance,  found  the 
hypothefis  of  the  natural  eledlnc  capacity  of  the  glafs  being  increas¬ 
ed  by  the  fridtion.  Place,  fays  he,  at  p.  80,  a  wire  into  the  tube, 
“  the  inward  end  in  contact  with  the  non-eledtric  lining,  fo  it 
“  W1li  reprefent  the  Leyden  bottle.  Let  a  fecond  perfon  touch 
“  the  wire  while  you  rub,  and  the  fire  driven  out  of  the  inward 
<c  furface  when  you  give  the  droke,  will  pafs  through  him  into 
“  the  common  mafs,  and  return  through  him  when  the  inner  fur- 
**  ^”ace  refumes  its  quantity,  and  therefore  this  new  kind  of  Ley- 
!<  den  bottle  cannot  be  fo  charged.  But  thus  it  may  -,  after  every 

droke,  before  you  pafs  your  hand  up  to  make  a  another,  let  the 

lecond  perfon  apply  his  finger  to  the  wire,  take  the  fpark,  and 
tnen  withdraw  his  finger,  and  fo  on,  till  he  has  drawn  a 

“  number 
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se  number  of  fparks  ;  thus  will  the  inner  furface  be  exhaufied,  and 
<f  the  outer  furface  charged.  Then  wrap  a  fheet  of  gilt  paper  clofe 
“  round  the  outer  furface,  and  grafping  it  in  your  hand,  you  may 
“  receive  a  fliock,  by  applying  the  finger  of  the  other  hand  to  the 
€<  wire;  for  now'  the  vacant  pores  in  the  inner  furface  refume 
4f  their  quantity,  and  the  overcharged  pores  in  the  outer  furface 
“  difcharge  their  overplus.” 

974.  This  explanation  does  not,  however,  comprehend  all  the 
admirable  accidents  I  obferve  in  fueh  charge.  I  line  one  half 
part  of  the  infide  of  the  tube  BA  (PL  IV.  fig.  3.)  three  feet  long, 
and  one  inch  and  an  half  in  diameter  ;  I  make  a  few  inches  of  the 
lining  hang  out  of  the  tube  in  B  C,  that  I  may  annex  two  threads 
to  it  ;  I  obferve  to  grafp  the  tube  by  its  unlined  part  DA;  and 
rub  it  from  B  towards  D  ;  keeping  my  hand  at  a  difiance  from 
the  tube,  when  I  bring  it  back  to  B,  in  order  to  begin  again  the 
fridion. 

3 75.  And  I  obferve,  I.  That  in  the  adl  of  fridiion,  efpecially 
at  the  firfi,  no  electricity  is  manifefted  either  from  the  outer,  or 
the  inner  furface  of  the  tube;  a  thread  hanging  clofe  to  the 
outer  furface,  does  not  move  in  the  leaf!:,  nor  do  the  threads  in  C 
diverge  ;  but  when  I  fuddenly  ceafe  to  rub,  and  remove  my  hand 
from  D,  then  the  threads  in  C  diverge*  and  that  annexed  to  the 
outer  furface  of  the  tube  is  attracted. 

376.  IL  I  obferve,  that  the  charge  is  fo  formed,  that  it  is 
greatefi  near  B,  where  I  begin  the  fridtion,  and  from  thence  to¬ 
wards  D,  it  gradually  lefiens.  In  order  to  afcertain  this,  I  do 
not  coat  the  outfide  of  the  tube  ;  for  in  this  cafe  I  would  only  ob¬ 
tain  one  general  difcharge,  from  which  I  could  perceive  no  diffe¬ 
rence  between  the  leverai  charges  of  which  it  is  made  up;  but  I 
fucceffively  grafp  different  parts  of  the  naked  tube,  when  I  obtain 
feveral  difcharges,  which  become  gradually  lefs,  as  they  are  fuccef¬ 
fively  drawn  from  a  part  nearer  to  D. 

377.  Now,  in  order  to  explain  thefe  accidents  with  a  fufficient 
degree  of  clearnefs,  I  confider  the  outer  furface  of  the  tube  B  D,  as 
if  it  were  divided  into  finali  and  equal  circles,  A,  B,  C,  D,  E,  F, 

.  .  .  Y,  Z;  and  I  fuppofe  the  inner  furface  to  be  likewife  divided 
into  correfponding  circles,  a ,  b,  c,  di  e,  f.  .  >y,  z.  Then  I  fay,  all  the 
fire,  which,  in  confequence  of  the  jufi  performed  friction,  is  vibrat- 

Y  2  ed 
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ed  from  the  precedent  circles  a,  b ,  c,  d ,  immediately  runs  throug-h 
the  lining  into  the  neared;  circles  e,f,  g,  h,  which  the  rubbing  hand 
at  that  very  time  grafps  ;  fo  that  when  the  hand,  at  the  cunclu- 
fion  of  the  fridion,  becomes  applied  to  the  circles  V,  X,  Y,  Z, 
the  whole  fire  that  has  been  driven  from  the  preceding  circles,  is 
affixed  to  the  circles  u,  x,  y,z.  And  thence  may  be  underflood  how 
it  comes  to  pafs,  that,  in  the  act  itfelf  of  fridion,  the  threads  in 
C  do  not  diverge,  and  that  annexed  to  the  outer  furface  is  nowife 
attracted.  At  the  fame  time,  that  the  circles  A,  B,  C,  D,  efcape 
from  the  fridion,  the  fire  that  has  been  depofited  on  them,  and 
which,  if  the  tube  were  not  lined,  would,  manifeft  itfelf  by  vifible 
figns,  is  only  accumulated  and  the  natural  fire  which  it  has  been 
able  to  drive  from  the  inner  circles  aib,c,di  through  the  lining,  goes 
through  that  fame  lining  to  accumulate  itfelf  on  thofe  of  the  fol¬ 
lowing  circles,  that  correfpond  to  the  rubbing  hand,  and  intro¬ 
duce  there  a  confequent  charge  ;  therefore,  the  exceffive  fire,  lìnee 
it  is  accumulated  and  forms  a  charge,  does  not  nttrad  the  thread 
annexed  to  the  outer  furface  of  the  tube  ;  and,  for  the  like  reafon, 
the  natural  fire  accumulated  on  thofe  inner  circles  to  which  the 
hand  is  applied,  does  not  attrad  the  threads  in  C. 

378.  I  fay,  in  the  fecond  place,  that  the  fire  depofited  by  the 
rubbing  hand  on  the  lad  circles,  decreafes  as  the  quantity  of 
the  fire  depofited  on  the  former  circles  increafes  :  the  reafon  of 
this  is,  that  the  fum  of  the  fire  which  from  the  inner  circles  a,  b,  c , 
runs  to  accumulate  itfelf  on  thofe  which  are  neared  to  them,  is 
equal  to  the  fum  of  the  fire  accumulated  on  the  outer  circles  A,  B,  C. 
Nov/  the  fire  which  is  thus  accumulated  on  the  inner  circles  dy  eyf 
endeavours  to  introduce  there  a  confequent  charge,  endeavours 
to  drive  the  natural  fire  from  the  outer  furface,  and  the  fire 
which  the  rubbing  hand  is  to  accumulate  on  that  place  in  the 
ad  of  fridion,  mud  needs  meet  with  a  kind  of  oppofition,  and 
does  little  more  than  preferve  the  fame  place  in  its  natural  date; 
therefore,  in  proportion  as  a  greater  quantity  of  fire  will  have 
flowed  from  the  firfl  circles  a ,  b ,  c,  to  the  fucceeding  circles,  d,  e,f> 
the  quantity  of  fire  which  the  hand  will  be  able  to  leave  on  the 
outer  circles  D,  E,  F,  will  be  lefs.  Whence  it  necefiarily  follows, 
that  the  charge  in  the  fucceeding  circles  will  grow  gradually  lefs, 
and  will  follow  in  that  refped  a  certain  proportion. 


379.  Let 
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379.  Let  us  fuppofe,  that  the  hand  being  firfi  applied  to  the 
four  circles  A,  B,  C,  D,  leaves  the  circle  A,  which  has  already 
been  rubbed,  and  now  reaches  the  circle  E  ;  let,  moreover, 
the  quantity  of  fire  which  the  rubbing  hand  has  depofited  in  A, 
be  called  1  ;  from  the  inner  circle  a ,  the  driven  fire  will  pafs 
into  the  circles  b ,  c,  d,  e ;  and  lefien,  by  a  fourth  part,  both  the  fire 
which  the  rubbing  hand  is  to  drive  from  them,  and  that  which  it 
is  to  accumulate  on  the  outer  circles  B,  C,  D,  E. 

Let  now  the  hand  leave  B,  and  reach  F  ;  there  will  be  in  c ,  d,  e , 
/,  both  the  former  fire  proceeding  from  a ,  and  the  three-lourth 
parts  proceeding  from  B;  that  is,  feven-fourth  parts  in  all,  which, 
diflributed  into  the  faid  circles,  will  lefien  for  T7T  the  fire  which 
th  e  hand  is  to  drive  from  c,  and  to  depofit  on  C  y  fo  that  it  will 
only  depofit  T90-. 

Let  the  hand  leave  C,  and  occupy  A  ;  there  will  be  accumulated 
on  the  circles  d,  e,  /,  g,  both  the  fire  from  a ,  the  three-fourths 
from  b,  and  the  ^  from  c,  which  will  make  up  -f-g-,  and  this  quan^ 
tity  being  difiributed  into  thofe  four  circles,  willdiminifh  for 
the  fire  which  the  hand  would  depofit  in  D;  therefore,  it  will  de¬ 
pofit  only  ;  fo  that  writing  under  the  circles. 

A,  B,  C,  D,  E,  F,  G,  &c. 
the  feries  1  4,  ^  *4,  TVV„  &c.  we  (hall 

fee  difpofed  in  a  regular  order,  though  fomewhat  inexadlly  i n d id¬ 
eate  d ,  the  proportion  which  the  decreafe  of  the  charge  follows  in 
the  different  fuccefiive  circles;  whence  we  fhall  perceive,  that  the 
quantity  of  fire  introduced  into  the  latter  circles  never  reaches  to 
an  equality  with  the  quantity  of  fire  which  the  hand  would  depofit 
on  them  through  the  effedt  of  the  fridtion. 

380.  However,  the  above  feries  only  expreffes  the  quantity  of 
fire  depofited  by  the  firft  fridlion  ;  the  quantities  that  the  hand 
will  depofit  by  fucceeding  fridlions  on  the  1  afb  circles,  will  gra¬ 
dually  increafe  in  proportion  as  the  fum  of  the  fire  already  driven 
from  the  firfi  ones,  and  extracted  by  the  means  of  the  fparks 
drawn  from  C  (PI.  IV.  fig.  3.)  will  be  greater  ;  and  as  the  fire 
which,  in  confequence  of  the  fridlion  of  the  firfi  circles  A,  B, 
C,  D,  will  be  driven  from  the  infide  ones,  <?,  b ,  c ,  d ,  into  the  fuc- 
ceffive  ones  /,  /;/,  0,  will  thus  grow  continually  lefs,  it  is  very  pof- 

fible,  that  by  repeating  the  frictions  a  great  number  of  times,  and 

continually 
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continually  drawing  off  the  fparks,  at  length  a  complete  charge, 
and  equal  throughout  the  tube,  may  be  obtained. 

381.  But  without  lofing  time  in  inquiring  after  what  is  pof- 
fible,  let  us  attend  to  that  which  is  practicable  ;  let  us  fird  explain 
a  few  accidents  attending  that  method  of  producing  a  charge, 
which  accompany  thofe  above  mentioned,  and  at  fird  fight  appear 
very  drange.  After  rubbing  the  tube  leverai  times,  and  drawing  od' 
the  fparks  from  C  (PI.  IV.  fig.  6.)  when  I  again  apply  my  hand 
near  B,  in  order  to  rub  one  droke  more,  it  happens,  I.  That  the 
threads  in  C,  which  were  fallen  in  confequence  of  the  drawing  a 
fpark  from  C,  diverge  again,  being  now  eledtric  by  deficiency,  and 
the  tube  appears  likewife  as  if  it  were  electric  by  deficiency  at  its 
extremity;  all  which,  however,  is  quite  conformable  to  the  theory. 
When  1  apply  my  hand  to  B,  I  leffen  the  excefs  that  obtains 
there;  therefore,  I  leffen  the  deficiency  in  the  correfponding  in¬ 
ner  circles,  to  which  a  certain  quantity  of  fire  can  flow  through 
the  metallic  lining,  either  from  other  inner  circles,  or  from  that 
part  of  the  lining  which  hangs  out  in  C  (we  diali  in  the  next  chap¬ 
ter  fee  that  no  fire  can  be  extra&ed  from  the  inward  fubflance  of 
the  lining,  or  be  accumulated  within  the  fame)  ;  hence  it  becomes 
neceffary,  that  the  threads  in  C  fiiould  diverge  in  confeauence  of 
the  deficiency  introduced  into  them;  and  what  little  fire  flows 
from  the  inner  circles  correfponding  to  D,  to  the  inner  circles 
near  B,  is  alio  fufiicient  to  make  the  outer  parts  of  the  tube  near  D 
appear  ele&ric  by  deficiency. 

382.  I  do  not  mention  this  circumdance,  that  when  I  do  not 
apply  my  hand  to  B,  till  after  rubbing  a  number  of  drokes  and 
extracting  the  fparks  from  C,  the  threads  in  C  diverge  dill  more 
tlian  before;  becaufeit  is  obvious,  that  as  the  introduced  excefs  is 
then  greater,  it  of  courfe  leffens,  when  the  tube  is  touched  by  the 
hand,  in  a  greater  proportion  than  in  the  former  cafe,  therefore,  the 
deficiency  in  the  inner  correfponding  circles  likewife  leffens  more, 
and  a  gi  eater  quantity  of  fire  runs  to  them,  both  from  the  other  inner 
circles,  and  from  the  portion  of  the  lining  which  hangs  out  in  C. 

3  3*  I  omit  likewife,  that  when  I  continue  rubbing,  after  a  great 
num  er  of  frictions  are  already  performed,  and  a  number  of  fparks 
ave  een  diawn,  the  thread  annexed  to  the  outer  fur  face  is  fome- 

what 
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what  attradled  by  the  tube,  even  during  the  adt  of  fridtion,  and 
the  threads  in  C  lofe  their  divergence  by  deficiency,  and  begin  to 
diverge  by  excefs  ;  fo  that  the  greatefi  attraction  of  the  former,  and 
divergence  of  the  latter,  always  take  place  at  the  inftant  when  I 
remove  my  hand.  The  reafon  is,  that  as  the  introduced  charge  is 
become  greater,  a  portion  of  the  fire  depofited  on  the  preceding 
circles,  begins  to  exert  itfelf,  though  during  the  act  of  fridtion,  (in 
the  fame  manner  as  we  fee  that  a  greater  portion  of  fire  is  fent 
into  the  Chain,  and  manifefts  itfelf  vifibly  around  it,  according  as 
the  excefs  in  the  cylinder  of  glafs  is  greater);  and  this  fire  which 
manifefts  itfelf  on  the  outer  furface,  will  caufe  a  fmall  portion  of 
that  which  is  driven  by  the  adtion  of  the  inner  circles,  in  C,  to  ma¬ 
ni  fed  itfelf. 

384.  I  diali  now  pafs  to  the  explanation  of  other  accidents 
which  are  common  both  to  the  charge  of  the  above-mentioned 
tube,  and  to  a  few  other  celebrated  experiments.  It  is  well  known, 
that  if  a  cylinder,  fuch  as  that  in  PI.  III.  fig.  14.  be  lined,  either 
intirely,  fo  that  the  lining  communicate  with  the  ground,  or  only 
in  that  part  of  it  F,  O,  E,  N,  which  is  rubbed,  it  will  communicate 
no  eledtrici ty  to  the  Chain.  I  annex  to  the  Chain  a  bunch  of  me¬ 
tallic  threads,  or  wires,  that  hang  over  the  cylinder  of  this  fig.  14  ; 
they  fpread  themfelves  over  that  part  which  is  inwardly  lined,  and, 
befides  extend  themfelves  over  the  unlined  part  towards  N.  If, 
by  firetching  one  of  my  fingers,  I  rub  the  unlined  part  in  N,  the 
Chain  becomes  eledtrified  ;  if  I  rub  only  the  zone  inwardly  lined,; 
no  eledtricity  arifes  in  the  Chain. 

385.  This  cafe  is  like  that  of  the  tube  which  caufes  no  di¬ 
vergence  in  the  thread  in  C  (PI.  IV.  fig.  3.)  and  does  not  draw  the 
outfide  thread  at  the  firfi  fridtion,  and  never  can  be  charged,  un- 
lefs  after  every  fridtion  a  fpark  is  drawn  from  C;  fuch  tube,  there¬ 
fore,  exadtly  reprefents  the  above  cylinder  with  an  infulated  lining 
ON  (PI.  III.  fig.  14.)  and  this  cylinder  may  be  charged  equally 
well  as  the  tube,  if  it  be  managed  after  the  fame  manner.  Thus, 
I  remove  the  Chain  from  the  cylinder,  then  alternately  rub  it,  and 
alternately  infert  a  rod  through  a  hole  I  have  bored  through  one  of 
its  wooden  armatures,  and  draw  a  fpark  from  the  lining  ON.  Af¬ 
ter  drawing  thus  a  number  of  fparks,  I  take  the  cylinder  from  the 
ferews,  and  place  the  rod  un  (PL  III.  fig.  7.)  through  the  hole  f, 
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the  mean  while  another  perfcn  holds  the  cylinder  by  a  fiik  thread  ; 

I  outwardly  coat  it  in  E  F  ;  and  as  foon  as  I  toucn  the  rod  in  u, 
with  the  head  C  of  the  conduding  how  CT^,  there  fprings  in  n  a 

mod  confpicuous  bruffo)  and  a  little  jlcir  Himes  in  c. 

386.  In  the  lame  manner,  if  the  lining  of  the  fame  tube  com¬ 
municates  with  the  ground,  it  will  exaCtly  ìepiefent  the  cylinder 
communicating  with  the  ground,  and  contract  no  electricity. 

387.  Now,  in  all  thefe  experiments,  either  with  the  tube,  or 
the  cylinder,  there  is  this  common  to  all.  I.  That  the  fire  depo¬ 
lì  ted  by  the  rubbing  hand  on  the  rubbed  furface,  does  not  mani- 
feft  itfelf  by  outward  figns  when  this  furface  efcapes  from  the  hand, 
(as  is  the  cafe  with  unlined  glades)  ;  but  accumulates  itfelf  within 
theglafs,  and  there  produces  a  beginning  of  a  charge;  the  rea- 

fon  is  becaufe  the  natural  fire  mav  then  from  the  inward  furface 

«/ 

flow  away  through  the  lining.  II.  In  all  the  above  experiment?, 
that  fmall  quantity  of  natural  fire  which  is  driven  from  the  inward 
furface  by  the  fmall  portion  of  excefiive  fire  which  accumulates 
on  the  outfide,  is  always  to  be  found  in  the  lining. 

388.  The  effect  produced  by  the  firft  of  thefe  two  circurn- 
ftances  is,  that  the  firft  friction  fends  no  perceivable  electricity 
to  the  Chain,  and  from  the  fecond  circumftance  it  refults,  that  the 
following  frictions  fend  no  more  than  the  firft.  The  fir  it  friction 
fends  no  eleCtricity  to  the  Chain,  becaufe,  as  the  fmall  quantity 
of  fire  depofited  at  firft  by  the  rubbing  hand,  drives  an  equal  quantity 
from  the  inward  furface,  it  only  introduces  a  beginning  of  a  charge. 
To  underhand  this  better,  grafp  a  bottle  hanging  from  the  Chain, 
and  give  a  fpark  to  the  latter  ;  the  electrometer  annexed  to  it  will  not 
for  all  that  move,  at  lead  vifibly  ;  this  is  becaufe  there  is  the  fame 
proportion  between  that  portion  of  the  fpark,  which,  in  luca  cafe, 
remains  around  the  Chain  and  can  manlfed  itfelf,  and  that  which 
goes  to  the  bottle,  as  there  is  between  the  eleCtric  capacity  of  the 
Chain  and  that  of  the  glafs-bottle,  which  is  incomparably  larger: 
now,  the  fame  wall  take  place  in  the  cafe  of  the  cylinder  we  fpeak 
of,  when,  after  the  firft  friClion,  it  will  be  in  contaCt  with  the  Chain. 
Noi  will  fubfequent  frictions  augment  fuch  charge  ;  becaufe  the  fmall 
quantity  of  fire  accumulated  by  the  firft;  friClion  w'ill  get  back  into 
the  hand,  when  the  fame  part  of  the  glafs  returns  to  it  ;  and  it  will 

be 
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be  able  to  do,  fince  the  natural  fire  can,  through  the  lining,  re¬ 
turn  back  to  the  inward  furface,  and  deftroy  the  weak  deficiency  at 
firft  introduced  into  it  ;  fo  that  the  outer  furface  will  return  to  a 
fecond  fri&ion,  in  the  fame  fiate  as  it  was  when  it  underwent  the 
firfi;  it,  therefore,  always  moves  from  the  rubbing  body  with  but 
a  fmall  portion  of  fire  outwardly  accumulated  on  it. 

389.  Befides,  if  the  interior  lining  be  infulated,  the  fmall  quan¬ 
tity  of  fire  that  iffues  from  the  bands,  or  zones,  a,  b ,  c ,  d ,  6cc.  ( I  con- 
fider  the  outer  furface  of  the  cylinder  as  divided  into  a  feries  of 
bands,  or  zones,  A,  B,  C,  D,  and  the  inward  one  into  another, 
ci,  b ,  c ,  dì),  endeavours  correfpondently  to  the  bands  A,  B,  C,  D,  to 
flowback  into  the  fubfequent  bands  e,f  \  g ,  //,  to  which  the  hand  is 
then  outwardly  applied,  as  it  happens  in  the  tube  above-mentioned  ; 
and  fuch  fire,  after  one  turn  of  the  cylinder,  finding  itfelf  wholly  ac¬ 
cumulated  againfi  the  place  of  the  fritìion,  will  repel  all  the  fire 
which  the  hand  may  feek  anew  to  depofit  on  the  fame. 

,390.  This  faefi,  that  the  eledlric  fire  fuccefiively  runs  from 
thofe  places  which  are  outwardly  left  by  the  hand,  into  the  fubfe¬ 
quent  inward  ones  to  which  the  hand  becomes  outwardly  ap¬ 
plied,  is  vifibly  demonfirated  by  one  of  the  mofi  pleafing  electric 
experiments  yet  made,  and  reciprocally  affords  a  confpicuous  ex¬ 
planation  of  that  fame  experiment,  which  would  otherwife  be  one 
of  the  mofi  difficult  to  underftand.  This  experiment  is  become 
too  important  not  to  be  minutely  deferibed.  I  take  the  cylinder 
B  A  C  (PI.  II.  fig.  1.)  with  a  brafs  armature  in  B  D  F  ;  the  female 
ferew  E  may  be  fitted  to  the  male  ferew  that  rifes  from  the  bafon 
of  the  air-pump  ;  the  fmall  key  D  ferves  to  preferve  the  vacuum, 
the  ferew  F  is  fixed  into  the  female  E,  and  is  made  a  little  hol¬ 
low  at  its  extremity  F,  fo  that  it  may  be  fixed  to  one  of  the  ferews 
V,  T  (PI.  I.  fig.  2.) 

391.  Having  carefully  emptied  fuch  cylinder  of  air,  and  placed 
it  in  its  proper  place,  1  apply  my  hand  to  it  and  rub  it  ;  which  is 
fcarcely  done,  than  I  have  the  agreeable  fight  of  my  hand  being  re- 
prefented  on  the  inward  furface  of  the  lame,  by  a  red  violaceous 
light,  furrounded  by  another  of  a  more  vivid  and  whiter  colour. 
The  image  of  my  hand  thus  reprefented,  is  delineated  in  PI.  IV. 
fig.  2;  the  flefhy  prominent  parts  of  it  which  touch  the  glafs,  are 
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reprefented  by  a  violaceous  light,  languid,  rare,  and  uniformly 
fpread  with  obfcure  points  ;  the  hollow  intervals  between  the  pro¬ 
minent  parts  that  perform  the  fridtion,  appear  filled  with  a  ftronger 
and  whiter  light,  which  laterally  extends  itfelf  along  thefe  fame  parts. 

392.  I  have  repeated  the  experiment  after  the  fame  method 
ufed  by  Mr.  Hauklbee,  its  inventor,  with  a  cylinder  inwardly 
lined  with  fealing-wax,  with  another  lined  with  fulphur,  and  an¬ 
other  lined  with  pitch  ;  and  in  all  thefe,  when  emptied  of  air,  and 
rubbed  in  the  fame  manner,  I  enjoyed  the  fame  fight  as  men¬ 
tioned  before  ;  in  all,  the  hand  was  reprefented  on  the  thin  inward 
lining  :  though,  in  order  to  fee  this,  it  was  necefiary  to  look  through 
one  part  of  the  glafs  which  had  been  left  unlined  :  through  the  lin¬ 
ing  of  fulphur,  of  wax,  or  of  pitch,  no  light  at  all  could  be  per¬ 
ceived. 

393.  I  have  juft  now  explained  how  the  fire  depofited  on  the 
bands  A,  B,  C,  D,  the  act  of  fri&ion,  drives  the  natural  fire 
from  the  inwards  bands  b,  c,  d',  and  how  this  fire  fucceftively 
runs  through  all  the  other  fubfequent  bands  ;  now,  this  fame 
explanation  will  alfo  ferve  to  account  for  the  wonders  mentioned 
by  Mr.  Haukibee  with  refpedt  to  the  reprefentation  of  an  object 
within  an  opaque  body,  without  the  help  of  any  looking-glafs,  or 
of  any  lamp  or  candle  ;  and  about  the  eledlric  tranfparence  of 
fealing-wax,  of  fulphur,  and  pitch  ;  bodies  through  which  no 
light  from  a  candle  can  be  perceived. 

394.  In  fadt,  it  is  not  light  which  traverfes  the  fubftance  of 
the  cylinder,  that  produces  the  above  reprefentations,  as  Mr. 
Haukibee  thought  it  was  ;  nor  is  it  eledtric  fire  only  vibrated  in 
the  place  itlelf  of  fridtion  (as  I  gave  my  opinion  in  the  book  of 
Terr .  Atm  of.  Elett.)  it  is  eledlrical  fire  that  is  vibrated  and  driven 
irom  the  inward  bands  a,  b ,  c,  d ,  where  the  outward  ones  A,  B, 
c.,  D,  firft  efcape  from  the  hand,  and  which  runs  through  the 
lulnequent  bands  of  the  glafs,  or  of  the  linings  (thofe  linings  being 
dediric  per  fey  and  able  to  be  charged  like  the  glafs,  make  one 
bony  with  it)  which  runs,  I  fay,  after  a  moft  confequent  manner, 
to  form  the  above  reprefentation. 

395.  Afibon  as  the  rubbed  glafs  leaves  the  hand,  the  elec- 
1,1C  fue  depofited  on  it  then  accumulates,  and  affixes  itfelf 
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on  it,  anti  drives  the  natural  lire  from  the  inner  furface  :  this  fire 
thus  driven,  follows,  on  that  inner  furface  of  the  glafs,  or  of  the 
linings,  thofe  parts  to  which  the  hand  becomes  by  turns  outwardly 
applied,  and  lightens  exadlly  in  the  fame  manner  as  the  eledtric 
fire  does  when  flowing  on  the  inner  furface  of  a  glafs  jar  emptied  of 
airi  and  if  we  apply  to  every  rubbing  part  of  the  hand,  what  is  here 
faid  of  a  few,  we  fhall  underhand  how  the  whole  lucid  image  be¬ 
fore  mentioned  arifes,  with  all  its  peculiar  circumflances. 

396.  Correfponding  to  that  part  of  the  finger  which  outwardly 
touches  the  glafs  and  rubs  it,  the  light  will  appear  of  a  red  violace¬ 
ous  colour,  (we  fhall  fee  afterwards  how  the  rarity  of  the  eledtric 
fire  produces  fuch  colour),  and  befides  be  languid,  rare,  and  uni¬ 
formly  fpread  with  finali  obfcure  points  ;  this  is  becaufe  both  the 
fmall  cavities  in  the  fingers  and  the  prominences  on  them,  are  in 
that  place  very  clofe  to  each  other  ;  therefore  there  is  fcarcely  time 
fuflicient  for  the  fire  correfponding  to  fuch  cavities  to  be  vibrat¬ 
ed  and  to  lighten,  as  it  prefently  finds  itfelf  carried  over-againfi: 
the  rubbing  prominences,  correfpondently  to  which  it  aflixes  it¬ 
felf  on  the  inner  furface. 

397.  But  correfpondently  to  thofe  parts  of  the 'fingers  which  lie 
near  their  fides,  and  where  the  cavities  we  mention  turn  up  round 
them,  and  grow  wider,  as  there  is  both  more  room  and  time 
for  the  fire  left  by  the  prominences  of  the  finger  on  the  outward 
glafs,  to  affix  itfelf  on  it,  and  confequently  for  the  inward  fire  to  be 
driven  from  the  inward  furface,  there  this  fire  will  flow  more  com¬ 
pact:  and  copious  on  the  faid  inward  furface,  and  therefore  will 
exhibit  a  whiter  and  fteadier  light. 

398.  But,  after  all,  why  does  the  fire  vibrated  from  the  bands, 
a ,  by  Cy  d,  inflead  of  fpreading  itfelf  every  where,  continually  follow, 
and  keep  to  the  fubiequent  bands  e9f,gfh,  &c.  to  which  the  hand 
becomes  fucceflively  applied  ? 

399.  The  reafon  is,  that  the  fire,  while  it  flows  along  thefe  fuc- 
ceffive  bands,  meets  with  the  leafl:  poffible  refiflance.  In  fadt, 
though  the  cylinder  is  ever  fo  carefully  emptied  of  air,  there  is  al¬ 
ways  left  within  it  fome  fmall  remnant  of  it,  which  (fuppofing  the 
common  height  of  mercury  in  the  barometer  to  be  twenty-feven 
inches  and  an  half,  Italian  meafure,)  will,  if  the  vacuum  be  promoted 
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even  fo  far  as  to  lower  the  mercury  to  one-twelfth  part  of  an  inch, 
will,  I  fay,  be  equal  to  one-three  hundredth  part  of  the  atmo- 
fpheric  air  :  the  refiftance  therefore  which  the  vibrated  fire  will  meet, 
when  feeking  to  fpread  itfelf  in  every  diredion  through  this  me¬ 
dium  will  be  proportioned  to  its  dennty  ;  and  this  refiftance 
will  encreafe,  according  as  the  fire  will  feek  to  fpread  itielf  to  a 
greater  difiance ,  wherefore  it  muft  keep  along  the  above-mentioned 
feries  of  the  bands  which  continually  afford  it  the  neareft 

paffage.  With  regard  to  flowing  backwards  along  thofe  bands 
which  are  juft  rubbed,  the  fire  will  be  prevented  from  do¬ 
ing  it  by  the  fame  force  by  which  it  is  driven  from  the  glafs  ; 
that  is,  the  fame  exceflive  fire  that  affixes  itfelf  to  the  bands  A,  B, 
C,  D,  and  drives  the  natural  fire  from  the  bands  b ,  c ,  dy  will  of 
courfe  hinder  it  from  returning  to  them  ;  therefore,  the  fire  driven 
from  the  bands  a,  by  c,dy  will  meet  with  a  greater  refiftance  while 
it  attempts  to  flow,  either  fidewife  through  the  above-mentioned 
remnant  of  air,  however  rare  it  may  be,  or  backward  along  the  in¬ 
ward  zone,  than  in  immediately  flowing  from  the  precedent  band  cy 
to  the  following  and  contiguous  one  dy  where  no  fire  is  yet  affixed 
on  the  correfponding  outward  band  D,  fince  that  band  being,  as 
we  fuppofe,  a&ually  rubbed,  has  only  a  quantity  of  fire  propor¬ 
tioned  to  its  then  encreafed  capacity. 

400.  The  fame  reafon  holds  true  with  refpedl  to  the  lined  tube 
before-mentioned,  as  well  as  with  refpedt  to  the  cylinder  we  are 
now  deferibing.  If  the  metallic  linings  of  either  this  tube  or  cy¬ 
linder  only  tranfmitted  the  eledlric  fire  along  their  outward  and 
open  furface,  as  is  the  cafe  with  glafs,  or  infulating  linings 
made  of  wax,  fulphur,  See.  no  doubt  but  the  fame  images 
would  be  perceived  on  thofe  metallic  linings  as  are  to  be  feen  00 
glafs,  or  on  the  infulating  linings  we  mention.  And,  vice  verfa, 
if  either  glafs,  or  thofe  linings,  had  the  property  of  tranfmitting 
the  eledtric  fire  to  fome  diftance  forward,  through  their  own  in¬ 
ward  fubftance,  as  metallic  linings  do,  no  image  would  then  be* 
feen  upon  them,  any  more  than  on  metallic  linings. 

401 .  Bjut  let  us  proceed  to  deferibe  theotheraccidents  attending  this 
experiment,  which  are  not  only  both  curious  and  ufeful  to  confirm 
the  explanations  already  given,  blit  alfo  afford  an  explanation  for 
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other  phenomena,  which  yet  feem  at  firft  to  have  no  connexion  with 
that  fame  experiment. 

Having  fufficiently  confidered  the  lucid  image  or  refle&ion  of  my 
hand,  or  other  bodies  apt  to  perform  a  friction,  I  open,  for  an 
inftant,  the  little  key  D,  (PI.  II. fig.  i.)  and  give  entrance  to  a  fmall 
quantity  of  air  :  which  done,  I  obferve,  I.  That  the  eledrofcope  of 
the  Chain  already  begins  to  diverge  a  little,  though  it  did  not  move 
at  all  before  ;  and  when  I  prefent  my  finger  quite  clofe  to  the  Chain, 
1  begin  to  fee  a  fmall  light  manifefl:  itfelf  from  it.  II.  The  furface 
of  the  cylinder,  where  it  leaves  the  rubbing  hand,  begins  to  attraCt 
a  thread.  III.  The  image  of  the  fingersgrows  languid  by  degrees. 
IV.  Inftead  of  it,  a  light,  a,  by  cy  (haped  like  a  nail ,  (PI.  II.  fig.  4.) 
begins  to  appear,  and  fpreads  itfelf  over  the  inward  bands,  ay  by  cy  d9 
correfpondently  to  the  outer  ones,  A5  B,  C,  D,  as  they  part  from 
the  rubbing  hand. 

402.  Now,  the  peculiar  appearance  of  this  nail  of  light,  (hews 
bcthjts  caufe,  and  the  caufe  of  all  the  other  concomitant  altera¬ 
tions  in  the  image  within  the  cylinder.  It  is  the  refult  of  the  fire 
that  is  driven  from  the  interior  bands  ay  b}  cy  dy  by  that  which  now 
begins  to  accumulate  itfelf  on  the  outward  ones  A,  B,  C,  D.  The 
quantity  of  air  that  has  beenletinto  the  cylinderdoes  no  longer  allow 
this  fire  to  pafs  fo  readily  as  it  did  before  into  the  fubiequent  bands 
eyj\gr  h  •  a  part  of  it,  indeed,  is  able  to  reach  them,  but  then  it 
only  does  it  (lowly  in  confequence  of  the  encreafed  refiftance  it  meets 
with  ;  and,  as  it  is  kept  for  awhile  from  reaching  the  faid  bands, 
it  forms,  in  the  meanwhile,  the  appearance  of  this  nail  of  light.  As 
another  part  of  the  fire  never  can  reach  the  faid  bands,  but  remains 
in  the  lame  place  on  the  inward  furface,  and  prevents  the  con- 
denfating  of  the  fire  on  the  outward  one,  the  latter  fire  confequently 
begins  now  to  manifefl:  itfelf  ;  whence  refult  both  the  divergence 
of  the  eledrofcope,  and  the  oth^r  figns  in  the  Chain,  and  more  im¬ 
mediately  the  attraction  of  the  thread  by  the  cylinder.  Lafilyj, 
it  is  likewife  evident,  that  fince  the  interior  flowing  of  the 
fire  correfpondently  to  the  rubbing  fingers  begins  to  be  hin¬ 
dered,  the  lucid  representation  of  the  latter  mull  gradually  dis¬ 
appear,  fince,  even  when  the  air  is  molt  dilated,  this  reprelentatioa 
is  but  rare,  and  in  fome  places  fpread  with  dark  points. 
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403.  When,  for  the  fourth  time,  I  let  in  another  fonali  quantity 
of  air,  the  nail  a,byCydy  (PI.  31.  fig.  4.)  already  fpreads  itfelf  io  far 
as  an  inch  and  an  half,  and  is  terminated  in  a  (harp  point;  fparks 
may  now  be  drawn  oft  at  the  difiance  of  more  than  one  line 
from  the  Chain,  and  the  outer  furface  of  the  cylinder  begins  to  at¬ 
tract  thicker  threads.  A  new  light,  befides,  is  exhibited  in  the 
infide  of  the  cylinder  ;  fiaflaes  or  rays  of  fire  now  fpring  from  fuch 
inward  points  as  correfpond  to  thofe  which  outwardly  get  out  of 
the  fridion,  and  eroding  the  rarefied  air,  run  to  the  oppofite  in¬ 
ward  furface  of  the  cylinder,  with  a  particular  incurvated  motion 
and  divergence  worth  being  deferibed.  Let  a ,  b ,  c,  d,  (PI.  II. 
fig.  3.)  indicate  the  fedion  of  the  cylinder  where  it  is  rubbed; 
very  near  the  point  F,  where  the  glafs  parts  from  the  rubbing  hand, 
(I  fuppofe  it  moves  according  to  the  direction  at  by  ct  d,)  rays  of 
light,  fy  gy  by  are  fe e n  tofpring  and  move  with  fuch  an  incurvated 
motion,  as  make  it  evident  that  the  fame  is  compounded  of  three 
motions,  viz.  of  the  redilineal  motion  produced  by  the  force  that 
drives  the  fire;  of  the  rotating  motion  of  the  cylinder,  of  which 
the  ray,  when  ifiuing  from  it,  fomewhat  partakes  ;  and  of  the  di¬ 
verging  motion  by  which  the  rays  part  from  each  other. 

404.  Of  thefe  motions,  certainly  the  firfi  and  redilineal  one  origi¬ 
nates  from  the  condenfated  outward  fire,  which  drives  thofe  rays  of 
the  inward  fire;  in  fad,  thofe  rays  keep  more  clofe  to. each  other 
according  as  the  motion  of  the  cylinder,  and  confequently  the  force 
arifing  from  the  fridion  encreafes.  The  fubfequent  curvature  of 
the  rays  is  evidently  the  effed  of  the  rotation  of  the  cylinder, 
fince  it  follows  its  diredion,  and  vifibly  keeps  pace  with  the  rapi¬ 
dity  of  it  :  whence  we  may  conclude  that  the  velocity  of  this 
rotation  is  not  in  any  very  fmail  ratio  to  the  velocity  of  the  rays 
themfelves  through  the  medium  in  which  they  move;  fo  that, 
the  former  being  given ,  vve  might  conclude  and  find  out  the  latter. 
Not  that  I  think,  however,  that  fuch  rays  are  continuous,  as  they  at 
firfi  appear  to  be  :  the  velocity  with  which  children  move  lighted 
flicks,  and  make  thereby  their  ends  appear  like  continued  igneous 
ribbons,  is  not,  we  may  fafely  affirm,  fo  great  as  that  with  which 
the  rays  of  the  eledric  fire  move  ;  therefore,  a  fingle  flafh  or  dart- 
>  of  this  fire,  though  it  may  not  of  itfelf  occupy  a  greater  fpace 
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than  a  twelfth  part  of  an  inch,  may  very  well  produce  fuch  a  con¬ 
tinued  impreffion  on  the  eye,  as  to  appear  a  continued  ray  through¬ 
out  the  long  fpace  it  paffes  through  :  which  obfervation  I  thought 
neceflary  in  order  to  hint  what  a  fmall  quantity  of  fire  may  be  fuf- 
ficient  to  raife  the  appearance  of  thefelong  copious  flashes  of  light. 

405.  It  now  remains  that  we  fhould  fay  fomething  of  the  diverg¬ 
ing  motion  of  the  rays  which  we  have  mentioned  above  ;  this  mo¬ 
tion,  befides  what  it  has  in  common  with  the  motions  of  the  eledtric 
fire  through  the  atmofpheric  air,  or  through  air  imperfectly  dilated, 
has  moreover,  on  this  occafion,  a  peculiar  caufe,  viz.  the  eledtric  at- 
mofphere  of  the  rubbed  zone,  which,  when  the  rays  begin  to 
flafh,  begins  alfo  to  acquire  a  degree  of  intenfity  ;  therefore  this  at- 
mofphere  muft  repel  thefe  flafhes  or  rays:  (in  the  following  chapters 
I  propofe  to  fhew  how  the  diredtion  of  eledtric  brufhes,  and  alfo  of 
fparks,  is  influenced  by  the  repulfion  of  the  eledtric  atmofphere 
of  the  eledtrified  body.)  fo  that  they  diverge  from  each  other  very 
faft,  and  tend  to  move  towards  the  lateral  zones  of  the  cylinder, 
which  are  not  rubbed. 

406.  To  a  iimilar  reafon  I  impute  certain  flafhes  of  light  which 
I  fometimes  perceive  in  the  infide  of  cylinders  even  when  filled 
with  atmofpheric  air.  Sometimes,  after  rubbing  thofe  cylinders 
ftrongly,  and  for  along  time,  I  perceive  on  that  part  of  them  which 
is  diftant  about  two  inches  from  the  place  of  fridtion,  efpecially  when 
I  encreafe  a  little  the  force  of  the  latter,  I  perceive,  I  fay,  nar¬ 
row  flafhes  of  light,  which,  from  the  inner  furface  of  the  glafs,  as  far 
as  I  am  able  to  perceive,  run  through  a  right  line  from  the 
rubbed  zone  to  the  lateral  zones  that  are  not  fo,  and  there  vanifh.  I 
think  that  fuch  flafhes  of  light  are  produced  by  the  fire  vibrated  by 
that  which  outwardly  accumulates  itfelf  in  very  great  plenty  ;  and 
alfo  that  this  fire  inwardly  vibrated  has  a  propensity  to  flow 
to  the  lateral  parts  of  the  cylinder,  where  no  other  fire  is 
vibrated. 

407.  This  conjedture  I  think  I  have  afcertained;  I  perforated 
in  n  (PI.  III.  fig.  7.)  the  wooden  armature  of  a  cylinder  ;  I  rubbed 
it  for  a  very  long  time  ;  I  then  took  it  from  the  fcrews  ;  I  inferted 
through  the  hole  n  the  rod  71  u  ;  I  infulated  and  coated  it,  as  I 
mentioned  before  of  the  cylinder  that  was  inwardly  lined  with 
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metal  ;  and  having  properly  adjuded  the  conducing  bow  C  T  C,  I 
obtained  the  brulli  in  C,  and  the  little  dar  in  c  \  fo  that  even  in  fuch 
cylinder  a  degree  of  charge  took  place  ;  there  was  fonie  excefs  on 
the  outward  rubbed  zone,  and  a  deficiency  in  the  oppofite  furface  : 
a  certain  quantity  therefore  of  fire  mud  needs  have  been  difFufed  into 
thofe  parts  of  the  inward  furface  which  lay  near  thofe  from 
which  the  fire  was  driven  ;  and  a  certain  degree  of  dampnefs  in  the 
air  would  have  carried  dill  farther  this  didufion  of  the  electric  fire. 

408.  But  even  this  lad  circumdance  is  not  necdfary  :  it  is  a  very 
common  thing  in  the  dried  wreather  to  find  remnants  of  ele&ricity 
in  cylinders,  twelve,  eighteen,  or  more  hours,  after  the  fri&ion 
has  ceafed  j  which  never  is  the  cafe  with  plates  of  glafs  rubbed 
on  both  their  furfaces  at  once.  It  feems  that  fuch  remnants  of 
fire  in  cylinders  proceeds  from  a  kind  of  charge  that  takes  place  in 
them  ;  that  is,  from  the  natural  fire  which,  being  driven  from  the 
inward  zone  oppofite  to  that  which  undergoes  the  fri&ion,  diffufes 
itfelf  either  into  the  lateral  zones,  or  into  thofe  inward  parts  of  the 
cylinder  which  correfpond  to  the  wooden  armature  ;  and  this  fire, 
in  the  clofe  air  in  the  cylinder,  returns  but  dowly  to  its  former 
place.  If,  four  hours  after  ceafing  the  friddon,  you  give  the  cylin¬ 
der  half  a  turn,  without  touching  it,  you  will  find  the  ele&ro- 
fcope  of  the  Chain  to  diverge;  which  will  be  owing  to  the  cylin¬ 
der  having  difFufed  into  the  chain  an  excefs  of  fire  adequate 
to  fuch  dofe  of  natural  fire  as  has  dowly  returned  to  its  natural  po- 
fition  in  its  infide. 

409.  But  let  us  return  to  the  experiment  of  Mr.  Haukfbee.  The 
nail  of  light  ab  c,  (PI.  III.  fig.  4.)  which,  when  a  fmall  quantity  of 
air  has  been  let  into  the  cylinder,  appears  beyond  the  rubbing 
finger,  affords  a  complete  explanation  of  the  light  that  appears  in 
the  barometer,  and  accompanies  the  mercury  in  it  when  it  falls, 
I  take  the  barometer  and  move  it  fuddenly  downwards,  fo  as  to  make 
the  mercury  rife  in  it  at  once  :  as  the  fame  returns  to  its  level,  it 
is  followed  by  a  ring  of  light  exadtly  like  that  which  the  nail  forms 
within  the  cylinder,  and  both  thofe  lights  varyin  one  and  the  fame 
manner,  according  as  circumdances  change:  that  is,  if  in  both  the 
vacuum  be  complete,  the  light  will  be  extremely  weak  ;  and  as  a 
final!  quantity  of  air  isjet  in,  the  fame  will  lengthen  and  dretch  it- 
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felf  under  the  Shape  of  a  nail  ;  all  other  circumstances  between  the 
cylinder  and  the  barometer  will  alfo  be  found  exactly  alike,  and 
the  fame  explanation  will  confequently  ferve  for  them  all  ;  the 
lengthened  trail  of  light  obferved  in  the  barometer  is  owing,  as 
we  faid  before  of  the  nail  in  the  cylinder,  to  that  portion  of  fire 
which,  through  the  new  refinance  from  the  air,  can  no  longer 
readily  follow  the  rubbing  body,  viz.  the  mercury  in  the  ba¬ 
rometer. 

410.  With  regard  to  the  attracting  of  furrounding  bodies,  the 
cylinder,  we  are  to  obferve,  begins  to  operate  in  proportion  as  the 
natural  fire  inwardly  vibrated  begins  to  follow  lefs  readily  the  rub¬ 
bing  body  ;  becaufe  the  outward  fire,  being  thereby  kept  from  con- 
denfating  itfelf,  manifefts  itfelf  vifibly,  and  attracts  fuch  light 
bodies  as  are  placed  near  it.  The  fame  effeCts  exaCtly  take  place, 
and  for  the  fame  reafon,  in  the  barometer  :  as  foon  as,  through 
the  increafed  refiftance  of  the  air,  the  exceffive  fire  within  it  can 
no  longer  freely  and  readily  follow  the  mercury  in  its  fall,  it 
therefore,  remains  behind  in  a  fiate  of  accumulation,  and  then  be¬ 
gins  to  drive  the  natural  fire  from  the  outer  furface  ;  which  fire  in 
its  turn  manifefis  itfelf,  and  attracts  threads  and  other  light  bodies. 

41 1.  Now  to  conclude  our  principal  experiment.  I  let  air 
into  the  cylinder  for  the  fifth,  fixth,  and  feveral  other  fucceflive 
times,  and  the  flaShes  of  light  gradually  become  more  difficult  to 
be  produced;  they  now  can  only  be  obtained  by  Stronger  Strokes 
of  friction  ;  they  are  Shorter,  narrower,  though  more  lucid,  and 
move  with  much  more  irregularity;  which  circumstances  we  Shall 
find  hereafter  to  be  conformable  to  what  I  propofe  to  Shew  in 
the  IV.  feCtion  with  regard  to  the  reciprocal  aCtion  of  air  and 
eleCtric  fire  upon  each  other.  Here  I  only  Shall  obferve,  that  in 
proportion  as  more  air  is  admitted  into  the  cylinder,  the  eleCtric 
figns  grow  more  vivid  in  the  Chain  ;  but  this  only  obtains  within 
certain  limits,  for  it  appears  that  the  figns  attain  their  higheft 
degree  before  all  the  air  is  let  in  ;  and,  when  it  is,  the  fame  be¬ 
gin  to  weaken. 

412.  Now,  this  obfervation  puts  me  in  mind  of  the  experi¬ 
ment  of  Monf.  Du  Faye,  who  could  not,  by  friction,  draw  any 
electricity  from  a  tube  of  glafs  within  which  he  had  condenfated 
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air;  from  that  experiment  I  was  inclined  to  think,  that  the  pro- 
pereft  degree  of  denfity  of  the  air  within  rubbed  tubes  for  exciting 
a  flrong  electricity,  was  under  that  of  the  common  denfity  of  the 
atmofpherical  air  ;  but  the  following  experiment,  which  I  have 
feveral  times  repeated,  and  always  with  the  fame  fuccefs,  has  made 
me  alter  my  opinion. 

413.  I  made  ufe  of  the  long  incurvated  tube  A,  B,  C,  D,  E,  Fj, 
open  in  E,  and  clofed  in  F  (PI.  VI.  fig.  1.)  which  ferves  me  to 
{hew,  that  our  air,  when  unmixed  and  pure,  contracts  itfelf  into 
a  Jpace  inverfely  proportioned  to  the  comprejjing  'weights  ;  I 
loofened  the  fhorter  branch  of  it,  F  D,  from  the  board  to  which  it 
was  fafiened,  and  moved  it  from  it,  that  I  might  more  eafily 
rub  it;  and  the  longer  branch  remained  fafiened  to  the  fame  board. 
I  could  not,  without  danger  of  breaking  it,  rub  this  branch 
F  C  with  any  great  degree  of  {Length  ;  however,  by  rubbing  it 
with  the  amalgamated  cloth,  I  could  eleClrify  it  pretty  well;.  I 
enabled  it  to  draw  threads  at  a  foot  didance,  and  it  could  give  a 
few  {'parks.  Having  afcertained  as  well  as  I  could  the  quantity  of 
this  eledricity,  I  poured  mercury  into  the  longed  branch  CA, 
in  a  fufficient  quantity  to  make  it  rife  in  the  other  branch  CF 
ninety  lines  long,  to  e,  that  is  to  fay,  to  the  height  of  forty-five 
lines  ;  by  that  means,  the  air  in  the  tube  was  brought  to  a  denfity 
double  to  that  in  the  atmofphere.  I  then  rubbed  the  part  F e,  and 
found  that  the  eleCtric  figns  from  it,  indead  of  being  weaker,  were 
fironger  then  before  :  I  again  introduced  more  mercury,  fo  that  there 
only  remained  in  F^  thirty  lines  that  were  empty,  when  I  again  found 
that  the  figns  were  fiill  more  vivid  ;  and  yet,  the  air  was  brought 
within  the  tube  to  a  denfity  treble  to  that  in  the  atmofphere. 

414.  I  fufpeCt  that  Monf.  Du  Faye,  and  the  other  perfons  who 
have  repeated  this  experiment,  condenfated  the  air  in  the  tube 
with  a  fyringe,  the  plug  of  which  had  been  foaked  with  water; 
at  lead,  when  I  have  condenfated  the  air  with  a  fyringe  prepared 
with  oil,  I  have  been  able  to  charge  fully,  as  I  mentioned  above 
the  glals-jar  inclofed  in  the  tube  (PI.  VI.  fig.  7.) 
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SECTION  III. 

On  preffing  eledrtricity,  or  on  ele&ric  atmofpheres. 

C  H  A  P.  I. 

On  the  fir  ft  and  principal  property  oft  eledric  atmofpheres  ;  and,  on  the 
other  and fiecondary  properties  of  the  fame ,  which  immediately  pro¬ 
ceed  from  the  former, 

415. 1.  E  eledricity  of  a  body  A  does  not  fubflantially  dijfufe  ttfelf 

into  the  ambient  air\  that  is  to  fay,  if  a  body  A  be  electri¬ 
fied  by  excefs,  the  fire  added  to  it  does  not  mix  itfelf,  at  leaf!  to  any 
perceivable  height,  into  the  fubrtance  of  the  air  around  it  j  and  if  the 
body  A  be  electrified  by  deficiency,  the  fire  drawn  from  it  has 
not  been  extracted  from  the  fubrtance  of  the  ambient  air.  I  think  I 
was  the  firffc  who  demonrtrated  this  fact  (Art.  Elect,  p.  54.)  I  ob- 
ferved,  that  when  I  drew  a  fpark  from  a  conductor  of  gilt  parte- 
board,  finali  fparks  were  feen  to  fhine  in  all  thefe  places  where  the 
gilding  was  interrupted.  Thefe  fparks  proceeded,  I  conjectured,  from 
the  exceflive  fire  which,  in  electrifying  this  conductor,  had  by 
little  and  little  diffufed  itfelf  into  fuch  naked,  refilling  places  ; 
and  which,  running  back  afterwards  into  the  neighbouring  gild¬ 
ing,  at  the  inrtant  when  the  fpark  was  drawn,  fparkled  propor¬ 
tionally  to  the  refiftance  it  met  ;  therefore,  I  added,  if  the  excef- 
five  fire  that  is  introduced  into  a  conductor,  actually  penetrates  in¬ 
to  the  fubrtance  of  the  ambient  air  to  any  perceivable  diftance,  it 
mufi  in  flowing  back  to  that  condudor  through  that  refiftingy 
though  rare  fubftancey  likewife  fparkle .  This  confequence  was 

a  necefiary  one;  we  fee,  lightning  emits  light  whenever,  in 
confequence  of  the  fcantinefs  of  the  fubrtance  that  affords  it  a 
paffage,  it  gufhes  into  the  ambient  air.  A  rtrong  fpark  while  it  partes 
through  a  rtripe  of  gold,  filver,  &c.  likewife  exhibits  a  light, 
where  the  capacity  of  the  metal  is  too  fcanty.  It  is  a  very  agree¬ 
able  fight  to  confider  the  erte&s  produced  by  the  difcharge  of  a 
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bottle  through  a  chain  of  iron  wire,  hanging  under  a  glafs  receiver, 
within  which  the  air  has  been  dilated  to  an  half  part  of  its  denfitv; 
this  chain  appears  like  a  column  every  where  furrounded  by  ex- 
tenhve  winding  dallies  of  light;  which,  befides  melting  and  difli- 
pating  particles  of  the  metal  where  the  contadi  between  the  rings 
of  the  chain  takes  place,  gufhes  more  amply  out  of  the  lame,  in 
proportion  as  the  air  around  it  oppofes  lefs  refiflance. 

416.  If  the  body  A  were  eledrified  by  deficiency,  the  fame  rea- 
foiling  to  hold  true  needs  only  to  be  inverted;  the  eledric  fire  inu 
its  returning  into  the  fubftance  of  the  air,  whence  it  has  been  ex- 
traded,  likewife  emits  light. 

417.  But  the  proofs  of  my  propofition  are,  befides,  completed 
by  the  following  one,  the  truth  of  which  has  been  demonfirated 
by  Mr.  Canton  and  Dr.  Franklin  (Franklin,  p.  155.)  viz.  The  electri¬ 
city  of  a  body  A,  actuates  the  ambient  air  in  fuch  a  manner ,  that  by  the 
means  of  the  fame  it  tends  to  introduce  into  the  neighbouring  body  B 
immerfed  in  it ,  an  electricity  contrary  to  its  own.  I  prefent  a  molt 
fine  flaxen  thread  to  the  condudor  Y  (PI.  I.  fig.  1.)  and  if  it  be 
held  at  the  diftance  of  a  foot,  or  more,  from  the  furface  of  it,  it  will 
dired  itfelf  perpendicularly  to  it.  I  then  prefent  to  this  thread  a 
rubbed  flick  of  fealing-wax,  and  it  flies  from  the  condudor;  I  pre¬ 
fent  to  it  a  rubbed  flick  of  glafs,  it  runs  again  to  it  ;  which  is  the 
fame  as  to  fay,  the  thread  imtnerfed  in  the  atmofphere  of  the  body 
or  condudor  A,  which  is  eledrified  by  excefs,  becomes  itfelf  eledri- 
fied  by  deficiency.  I  repeat  the  experiment  by  the  means,  not  of 
the  Chain,  but  of  the  beams  B  and  E  of  the  Machine;  then  the 
thread  flies  from  the  glafs,  and  runs  to  the  fealing-wax  ;  whence 
it  is  likewife  evident,  that  a  body  immerfed  in  the  atmofphere  of 
another  body  eledrified  by  deficiency,  will  itfelf  become  eledrified 
by  excefs. 

41 B.  III.  From  the  electricity  of  a  body  A,  an  eleCtric  atmofphere  arifes 
in  the  ambient  air ,  in  the  fame  manner  as  from  the  electricity  which  takes 
place  on  the  one  furface  of  a  glafs ,  a  charge  tends  to  take  place  on  both  its 
furfaces.  M.  Wilke  *,  and  M.  Epino  •f,  were  the  firft  who  made 

See  his  Difputatio  Phyfica  de  Eledricitatibus  contrariis,  Roftock,  1757?  P*  77* 

t  See  his  Tentamen  1  heorie  Eledricitatis  &  Magnetifmi,  p.  97  ♦ 
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the  experiment  of  inclofing  a  firatum  of  air  between  two  plates 
of  metal,  and  .they  obtained  a  ftroke  from  it;  they  obferved,  be- 
fides,  that  thofe  two  plates  firongly  attraded  each  other,  as  is  the 
cafe  with  bodies  contrarily  electrified  •>  that  fometimes  a  fpon- 
taneous  difcharge  took  place,  in  the  fame  manner  as  a  vehement 
fpark  fometimes  breaks  even  through  the  compad:  fubfiance  of  a 
charged  plate  of  glafs  ;  that  a  finger  inferted  between  the  two 
plates  effeded  the  difcharge  and  was  ftruck;  that  the  difcharge 
always  took  place  from  fome  prominence  on  the  plates;  that  a 
point  annexed  to  either  of  them  hindered  the  charge. 

419.  But  thefe  fads  do  not  afford  a  complete  demonftration  of 
the  above  propofition,  and  a  farther  confirmation  of  its  truth  may 
be  deemed  neceffary.  If  the  charge  of  a  flratum  of  air  be  really  a 
charge,  it  can  be  but  a  very  finali  one,  and  it  can  fcarcely  exceed 
an  ordinary  fpark  ;  I  have,  therefore,  fought  for  a  method  of  exa¬ 
mining  whether  fuch  charge  has  the  real  charaderiftics  of  a  charge, 
(viz.  the  accumulation  of  contrary  eledricities  on  the  two  oppo- 
fite  furfaces  of  the  faid  flratum)  and  whether  fuch  eledricities 
can.  only  be.  produced  and  deffroyed  jointly.  With  three  filk 
firings  (PI.  VI.  fig.  io.)  I  hung  two  round  plates  of  tin,  parallel, 
and  difiant  from  each  other  an  inch  or  lomething  more;  and 
lefi  the  eledricity  fhould  diffipate  from  their  fharp  edges,  I  cover-* 
ed  the  latter  with  fealing-wax,  and  fufpended  both  plates  to  the 
condudor  with  a  finali  iron  chain. 

420.  Then  exciting  the  eledricity  in  the  condudor,  and  the 
apparatus  of  the  two  plates  being  in  the  meanwhile  infulated,  I 
obferved  that  two  extremely  thin  threads  annexed  to  c  d>  amply 
diverged  from  each  other,  as  did  alfo  two  fimilar  threads  annexed  to 
AB;  and  that  the  former,  as  well  as  the  latter,  were  eledrified  by 
excefs  ;  as  is  the  cafe  with  bodies  immerfed  in  atmofpheres  im¬ 
pregnated  with  exceflive  fire.  1  then  infulated  myfelf  (PI.  I. 
fig.  1.)  in  fuch  a  fituation  as  to  have  my  face  placed  near  the  round 
knob  by  which  the  great  condudor  Y  is  terminated,  and  I  ffretch- 
ed  my  arms  parallel  to  the  axis  of  the  fame;  in  fuch  fituation  my 
legs  and  back  became  eledrified  by  excefs. 

421.  Secondly,  I  drew  off  all  the  eledricity  from  the  conduc¬ 
tor,  and  when  the  threads  were  quite  down,  there  remained  in 
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me  no  fign  of  eledricity.  Like  wife,  when  I  grafped  the  condudor* 
being  thus  infulated,  and  having  my  face  and  arms  near  it,  all  elec¬ 
tricity  difappeared  on  my  back  and  legs. 

422.  Thefe  two  fads  are  the  fame  as  thofe  obferved  in  a  bottle 
fufpended  to  the  condudor,  and  left  untouched.  The  fire  from 
the  condudor  endeavouring  to  accumulate  itfelf  on  the  inner  fur- 
face  of  the  bottle,  drives  an  equal  quantity  of  fire  from  the  outer 
furface  into  the  coating,  and  through  it  into  the  ambient  air  ;  and 
when  the  excefs  which  endeavoured  to  condenfate  itfelf  on  the 
inner  furface  is  flopped,  the  natural  fire  that  had  been  driven 
from  the  outer  furface  into  the  contiguous  air,  falls  back  into  the 
fame.  Thus  the  excefs  from  the  condudor  endeavours,  by  the 
means  of  the  upper  plate  AB,  to  condenfate  itfelf  on  the  fur¬ 
face  a  b  of  the  incloled  ftratum  of  air,  and  vibrates  an  equal  quantity 
from  the  inferior  furface  of  the  fame,  into  the  inferior  plate  CYDcd, 
and  through  it  into  the  contiguous  air  c  d:  the  excefs  from  the 
condudor  being  flopped,  the  natural  fire  fails  back  from  the 
air  contiguous  to  c  into  cd,  and,  through  the  plate,  returns  into 
the  inferior  furface  of  the  air,  which  fpreads  over  C  D.  The 
fame  mull  be  faid  of  the  eledricity  that  rifes  in  my  back  and  legs, 
and  which,  I  being  infulated,  vanifhes  at  the  fame  inflant  that  the 
eledricity  in  the  condudor  is  fupprefied. 

423.  And  as  thofe  eledricities  thus  raifed  on  bodies  immerfed 
and  infulated  within  eledric  atmofpheres,  vanifh  as  foon  as  the 
eledricity  of  the  body  that  aduates  the  latter  vanifhes,  they  may 
be  called  electricities  ofjimple  predion. 

424.  Let  us  now  examine  whether  eledric  atmofpheres  produce 
fuch  eledricities  as  may  really  be  called  charges.  I  touch  the  plate 
cd ,  and  obtain  one  fpark  from  it,  and  no  more;  whence  I  con¬ 
clude,  that  if  the  inclofed  flratum  of  air  takes  a  charge,  it  is  but 
a  very  finali  one.  In  the  fame  manner,  when  I  Hand  infulated, 
as  in  No.  420,  another  perfon  can  hardly  draw  from  me  more  than 
one  fpark;  the  fame  conclufion  as  that  above  is  therefore  to  be 
drawn  with  regard  to  the  flratum  of  air  intervening  between  the 
condudor  and  my  body. 

425.  Fourthly,  I  try  to  difcharge  the  flratum  of  air  by  alter¬ 
nation.  When  I  touch  A  B,  I  obtain  aflrong  fpark,  but  lefs  than 
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that  which  I  drew  when  I  touched  the  two  plates  at  once,  I  then 
touch  cd>  the  fpark  is  dill  lefs  3  touching  AH  again,  I  draw  an¬ 
other  fmall  fpark,  which  I  hardly  feel  with  the  tip  of  my  noie; 
I  touch  AB  a  third  time,  and  draw  no  fpark,  only  the  threads  in  cd 
manifed  fome  inclination  to  move  from  each  other;  I  touch  cd  a 
third  time,  and  I  have  no  fpark,  only  the  threads  in  cd  move  as 
if  intending  to  join.  Continuing  to  touch  I  can  perceive  no  far¬ 
ther  figns. 

426.  I  therefore  conclude ,  that  in  the  Jlratum  of  air  inclofed  between 
the  two  plates ,  there  is  a  real \  though  indeed  exceeding  fmall  charge  ; 
I  fay  a  real  charge,  becaufe  the  contrary  electricities  of  fuch  {tra¬ 
ttini  cannot  be  feparately  dedroyed  but  by  the  means  of  an  alter¬ 
nation  ;  but  this  charge  is,  at  the  fame  time,  very  fmall,  becaufe 
the  alternation  does  not  extend,  at  lead  fendbly,  beyond  the 
third  contadi;  and  even  fo  early  as  at  the  fecond,  the  fpark  drawn 
from  AB  is  very  weak. 

427.  Therefore,  we  diali  call  eleBricity  from  an  aBual  charge 
(though  a  very  fmall  one),  that  which  takes  place  in  a  body 
immerfed  in  an  eledlric  atmofphere,  when  fuch  body  communicates 
with  another  body. 

428.  The  fluidity  of  air,  which  makes  it  liable  to  be  traverfed 
to  a  certain  didance  by  fparks,  prevents  the  charge  of  any  thin 
Aratum  of  that  rare  moveable  element;  and  there  is,  on  the  other 
hand,  jud  ground  to  fufpedt,  that  the  degree  of  thicknefs  which  is 
neceflary  for  preventing  a  dratum  of  air  from  being  traverfed  by 
fparks,  obdrudts  its  charge,  in  the  fame  manner  as  we  fee  that 
infulating  bodies  are  but  difficultly  and  imperfedlly  charged, 
when  they  are  thick  beyond  a  certain  degree.  I  intend  to  pro¬ 
cure  a  large  drum  of  cry  dal,  an  inch  and  an  half  high  ;  I  will  fit 
to  it  as  a  bottom,  a  large  plate  of  highly  polifhed  metal  (furfaces 
thus  polifhed  do  not  throw  fparks  but  from  very  fhort  didances)  ;  as  a 
cover  or  lid  to  that  drum,  I  will  fix  on  it  a  fimilar  thick  plate,  but 
perforated  in  its  center,  fo  as  to  receive  within  its  hole  a  rod  of 
metal,  fo  adjuded  as  to  move  in  it  without  giving  an  entrance  to 
the  air;  this  rod  is  to  raife  and  lower  at  pleafure,  within  the 
drum  ;  another  plate  poliffied  in  the  fame  manner  as  the  bottom 
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of  it.  I  moreover  propofe  to  condenfate  the  inclofed  air,  and  to 
examine  whether  greater  charges  may  be  formed  by  the  means  of 
3  flratum  of  air  thus  condenfated  :  by  thefe  means,  the  body  of  air 
to  be  charged  may  undoubtedly  be  brought  to  have  a  much  lefs  de¬ 
gree  of  thicknefs  than  in  the  before  mentioned  experiments. 

429.  Fifthly,  and  lafkly,  I  demenflrate  by  another  method  the 
reality  of  the  charge  (though  it  be  ever  fo  fmall)  of  a  flratum  of 
air  of  a  fufficient  thicknefs.  I  take  the  plate  CD  cd  from  the  ap¬ 
paratus,  and  fix  to  it  a  (lick  of  fealing-wax,  by  which  I  hold  it  ; 
and  then  prefent  it  again,  thus  infulated,  under  the  other  plate 
AB  ab,  which  remains  fufpended  to  the  Chain  ;  and  I  foon  fee 
the  threads  in  cd  diverge  and  fly  from  a  rubbed  flick  of  glafs  ;  in  a 
word,  they  are  electrified  by  excels.  I  remove  the  plate  CDr^Z, 
the  threads  inftantly  fall,  and  all  electricity  in  the  plate  va- 
nifhes,  which  is  the  charaCteriftic  of  an  eleCfricity  of  fimple 
prejjion  (423).  I  again  prefent  at  a  convenient  diftance  the  plate 
QDcd,  under  the  other  A  B  a  b,  and  touching  the  fame  in  cd,  I 
inflantly  complete  the  fmall  charge,  and  the  threads  in  cd  fall 
down  and  remain  in  h  ;  but  I  no  fooner  remove  the  plate,  than 
the  threads  begin  to  diverge,  and  fly  from  a  rubbed  flick  of 
fealing-wax,  and  appear  eleCtric  by  deficiency.  The  caufe  of  all 
this  is,  that  the  eleCiricity  by  deficiency  introduced  into  the  furface 
of  the  air  contiguous  to  CD,  remained  concealed,  as  long  as  it 
was  in  a  manner  retained  back  by  the  excefs  in  the  other  furface 
of  the  (aid  flratum  contiguous  to  ab',  but  as  foon  as  the  plate  C  D 
is  removed,  this  deficiency  fuddenly  manifefls  itfelf. 

430.  This,  at  the  fame  time  that  it  demonflrates  to  me  the  reali¬ 
ty  of  the  charge  of  a  fomewhat  thick  flratum  of  air,  confirms  alfo 
to  me  the  conjecture  I  have  propofed  elfewhere,  with  regard  to  the 
charges  of  infulating  bodies  in  general,  viz.  that  the  quantity  and 
connection  of  the  two  electricities  that  conflitute  a  charge,  depend 
on  their  contrariety  to  each  other,  and  reciprocal  combination  on 
the  oppofite  neareft  furfaces  of  the  charged  body,  and  do  not  in  any 
fhape  arife  from  any  peculiar  (whether  pofitive  or  negative)  proper¬ 
ty  in  that  body.  In  faCt,  if  fuch  a  fmall  eleClricity  from  a  charge  as 
that  in  the  plate  CD  c d,  becomes  fo  fenfibly  manifefted  when  that 

plate 
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plate  is  removed  from  the  plate  AB  ab,  with  how  much  greater 
a  degree  of  force  would  not  the  infinitely  fuperior  contrary  electri¬ 
cities  of  a  plate  of  glafs,  become  manifested,  if  they  could  be  fepa- 
rated  from  each  other  in  the  fame  manner  ?  Certainly  the  connec¬ 
tion  between  the  two  contrary  electricities  that  constitute  a  charge, 
depend  on  the  above  mentioned  combination  :  fo  long  as  the  two 
tin  plates  remain  near  one  another,,  and  the  two  electricities  on  the 
two  furfaces  of  the  clofed  Stratum  of  air  remain  thereby  combi- 
nated  together,  thefe  electricities  cannot  be  defiroyed  otherwife 
than  by  an  alternation ;  but  as  foon  as,  by  removing  the  plate 
QY)cdy  this  combination  is  defiroyed,  either  of  the  two  electrici¬ 
ties  may  be  fupprefied  by  a  fingle  contaCt. 

431.  This  idea  of  confidering  the  ftratum  of  air  abC  D  (PI. 
VI.  fig.  10.)  as  being  really  charged,  naturally  leads  us  to  apply 
the  principle  of  an  eleClricity  by  fimple  preffion ,  to  any  Jurface  of 
air  contiguous  to  electrified  bodies.  Thus,  for  inftance,  when  the 
electricity  of  the  conductor  to  which  the  two  plates  are  fufpended, 
begins  to  penetrate  the  plate  AB  a  by  the  other  plate  CD  cd  being 
untouched,  it  would,  in  this  cafe,  be  more  accurate  to  fay,  that  .the 
excefs  that  gets  into  the  plate  AB  a  by  tends,  it  is  true,  to  con- 
denfate  itfelf  on  the  furface  of  air  contiguous  to  a  by  endeavour¬ 
ing,  at  the  fame  time,  to  drive  the  natural  fire  from  the  furface  of 
air  contiguous  to  CD;  but  that  it  only  can  drive  the  natural  fire 
from  the  furface  C  D  of  the  plate  CD^,  which,  through  the 
fame,  condenfates  itfelf  on  the  air  contiguous  to  c  d,  becaufe  the 
excefs  maintained  in  c  d  does  not  allow  the  natural  fire  to  part 
from  the  furface  of  air  CD;  and,  as  a  necefiary  confequence, 
prevents  a  condenfation  of  the  exceflive  fire  on  the  furface  ab, 
&c.  According  to  fuch  accurate  manner  of  exprefiing  the  cafe 
we  indeed  are  to  understand  what  has  been  related  in  No.  422. 
but  every  body  fees  what  a  confufion  would  enfue  from  a  (triCt  ob- 
fervance  of  it  ;  therefore,  I  beg  leave  ufually  to  exprefs  myfelf 
more  concifely,  and  only  to  confider  the  eleClricity  that  takes 
place  in  the  bodies  themfelves  that  confine  electrified  Strata  of 
air.  Conformably  to  fuch  licence,  I  Shall  firnply  fay,  that  the 
eleClric  fire  which  is  accumulated  in  a  body,  endeavours  to  drive 
the  natural  fire  from  another  body  that  is  not  electrified  ;  and 
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that  the  natural  fire  rendered  deficient  in  a  body,  endeavours  to  make 
a  correfpondent  quantity  of  exceffive  fire  accumulate  on  the  fur- 
face  of  another  neighbouring  body  that  is  not  eledrified. 

432.  And  availing  myfelf  of  the  above  fhortnefs  of  expreffion, 

I  filali  proceed  farther,  now  that  I  have  examined  into  the  firffc 
property  of  eledric  atmofpheres,  viz,  that  the  electricity  of  a  body 
endeavours ,  through  the  atmofphere  which  it  affiliates,  to  introduce  a 
contrary  eie ffi ricity  into  a  body  immerfed  in  it  :  I  (hall  proceed,  I  fay, 
and  try  to  deferibe  the  two  fecondary  properties,  which  neceflari- 
!y  proceed  from  the  above  mentioned. 

433.  Of  thefe  the  firfi:  is,  that,  when  two  bodies,  impregnated  with 
homologous  eleffiricities,  meet ,  thefe  electricities,  by  means  of  the  at - 
mofphere  which  they  affiliate ,  endeavour  reciprocally  to  defroy  each 
other .  The  reafon  is,  becaufe  the  eledricity  of  each  of  thefe  two 
bodies,  endeavouring  to  introduce  a  contrary  one  into  the  other 
body,  will,  confequently,  begin  with  deftroying  the  homologous 
eledricity  it  finds  in  it  ;  therefore,  if  fuch  eledricities,  befides 
being  homologous,  are  moreover  equal,  they  will  at  firfi:  lefien,; 
and  then,  if  they  are  at  fuch  difiance  that  they  can  fufiiciently 
exert  their  mutual  influence,  intirely  deftroy  each  other. 

434.  If  the  two  eledricities  are  in  unequal  quantities,  the 
remnant  of  the  more  copious  eledricity  will  be  employed  in  pro¬ 
ducing  a  contrary  eledricity  in  that  body,  the  electricity  of  which 
has  been  deftroyed. 

43 5*  other  fecondary  property  of  electric  atmofpheres  is 

that,  when  two  bodies  impregnated  with  contrary  electricities ,  meet , 
thefe  eledricities,  by  means  of  their  intervening  atmofpheres,  reciprocally 
increafe  their  intenfties.  This  is  plain;  the  fame  force  which  en¬ 
deavours  to  produce  a  contrary  eledricity,  where  none  exifis  yet, 

nmfi:  likewife  endeavour  to  increafe  the  fame  when  it  already  ob¬ 
tains. 

430.  But  let  us  return  to  the  principal  property,  and  exprefs 
it  with  more  exadnefs,  applying  it  to  the  two  eledricities  by  ex- 
ceiop  r'nt^  deficiency;  and  let  us  examine  whether  from  fuch 
exaunv.fs  we  may  derive  fome  lefs  abftraded  idea,  and  that  may 
■e  repiefemed  by  iome  fenfible  image.  The  aforefaid  principal 
propei  ty  is,  therefore,  to  be  exp  re  fie  d  thus,  with  refped  to  an 
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deci  ricity  by  excels  ;  if  a  body  poffefies  any  portion  of  excefiive  fire> 
the  latter  will  attuate  the  ambient  air  in  fuch  a  manner ,  that  it  will  eu- 
.deavour  to  dr  roe  the  natural  fire  from  fuch  bodies  as  are  immerfed  in  it . 
Now  the  exigence  of  an  excefs  of  electric  fire  implies  a  greater 
denfity  of  it,  a  greater  expanfive  force  in  it,  a  greater  tenfion  of 
the  fame,  whatever  it  may  be;  and  mufi  not  1'uch  tenfion  intro¬ 
duce  a  greater  tenfion  alfo  into  ’the  ambient  air,  and  cannot  we 
confider  fuch  tenfion  thus  ordinately  propagated  through  the  fire 
inherent  in  the  fuccefiive  parts  of  the  ambient  air,  as  ferving  to 
vibrate  the  natural  fire  from  the  air  imtnerfed  in  it  ?  Therefore, 
if  a  body  E,  be  electrified  by  excefs  (PI.  VIII.  fig.  1.)  firfi:  a  fet  of 
finali  lines  fpringing  again  ft  the  ambient  air  from  all  points  of  the 
furface  of  the  faid  body  E  (we  diali  fee  hereafter  that  both  the  excefs 
and  deficiency  of  electrified  bodies  only  take  place  on  their  furface) 
may  very  well  reprefen  t  both  the  exceffi  ve  fire  of  fuch  body,  and 
the  increafed  tenfion  exerted  by  the  fame  fire  againft  the  natural 
fire  of  the  ambient  air;  fecondly,  the  ambient  air  may  likewife  be 
underfiocd  as  being  divided  into  fucceffive  exceedingly  thin  firata, 
and  fimilar  finali  lines  may  alfo,  being  underfiood  to  be  applied  to 
the  convex  furface  of  all  thofe  firata,  exprefs  the  direction  and 
manner  in  which  the  exceffive  tenfion  of  the  fire  on  the  furface  of 
that  body,  propagates,  &c. 

437.  If  we  apply  to  cafes  of  deficient  or  negative  eleCtricity, 
the  above  principles  concerning  the  firfi;  property  of  eleCtric  at- 
mofpheres,  we  ought  to  fay,  if  a  quantity  of  natural  fire  be  taken 
from  a  body ,  the  air  around  it  will  from  thence  be  fo  attuatedt  that  a 
quantity  of  excefiive  fire  will  rim  to  another  body  immerfed  m 
that  airt  &c. 

<Z "he  Italian  Author ,  in  the  two  foregoing  paragraphs ,  and  in  the 
three  following  ones ,  attempts  to  defcribe  mechanically  the  attion  of 
elettrified  bodies  upon  the  air  around  them ,  and  the  attion  which  that 
airy  or  atmofpberet  in  its  turn  exercifes  on  fuch  bodies  as  are  immerfed 
in  it •  In  thefe  mechanical  defcriptions ,  or  explanations ,  the  Author 
is  greatly  afilfted  by  the  diminutive  exprefiions  with  which  his  own  lan¬ 
guage  fupplies  him  ;  but  the  want  of  fuch  exprefiions  in  Eng/ifij,  together 
with  the  great  difficulty  that  always  attends  abfiratted  defcriptions ,  or 
rather  conjettural  reafonings ,  of  this  kind ,  has  induced  us  to  pafs  over 
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the  /aid  paragraphs,  and  to  go  to  the  441,  by  which  this  chapter  is  ter¬ 
minated.  In  this  paragraph  our  Author  fays,  that  in  cafe  it  fhould  be 
found  that  in  the  mechanical  defcription  he  has  juft  attempted  to  give  of 
the  manner  in  which  eleffiric  atmofpheres  both  are  actuated ,  and  affi, 
he  has  too  much  indulged  his  own  imagination,  as  well  as  applied  to  that 
of  his  readers,  he  now  is  going  to  make  amends  for  it,  by  elucidating 
the  properties  of  thofe  atmofpheres  from  a  number  of  accurate  experi-- 
merits. 


C  H  A  P.  II. 

1 

In  which  the  three  above  properties  of  eleffiric  atmofpheres  are  farther- 
demonftrated,  by  experiments  chiefly  made  within  cavities  in  deferent 
bodies.  The  fuper  fidali  ty  oj  the  elcffiricity  of  deferent  electrified  bo¬ 
dies  is  demonftrated.  And  a  few  conjeffiures  are  offered  to  the  reader 
concerning  the  proportional  quantity  of  the  eleffiric  fire  within  the 
fubflance  of  deferent,  and  of  inf ulat in g.  Bodies . 

442.  T  Call  eleffiric  well  (PI.  VII.  fig.  1.)  the  veil'd,  or  cann  A, 
X  made  of  tin,  fifteen  Italian  inches  high,  and  fix  and  an  half 
wide  ;  and,  to  prevent  its  lofing  its  ele&ricity,  its  edge  has  been 
rounded  by  the  means  of  an  iron  ring  fixed  to  it.  I  infiliate  this- 
cann,  oc  eleffiric  well,  upon  a  finali  table  T,  railed  upon  a  fupport 
of  glafs  V,  and  1  commonly  electrify  it  by  touching  it  with  the 
hook  (or  with  the  coated  bottom)  of  a  charged  bottle,  which  I 
hold  by  the  means  of  an  infulated  handle  (PI.  III.  fig.  3.)  :  I  need 
not  fay,  that  when  1  touch  the  well  with  the  hook  of  the  charged 
bottle,  I  obferve  to  touch  with  my  finger  the  outfide  of  the  fame, 
and  vice  verfa,  to  touch  the  hook  with  my  finger,  when  I  mean 
to  charge  the  well  udth  the  outfide  of  the  bottle.  In  this  well  I 
diftinguifh  two  parts  ;  the  firft  is  the  lower  part  of  it,  that  is,  that 
part  of  its  cavity  which  reaches  from  the  bottom,  to  two  third- 
parts  ot  the  total  altitude  of  it;  the  upper  part  is  that  which, 
from  thence,  extends  up  to  the  edge  of  the  well. 

443.  I  call  fcrutator  an  eledrofcope  annexed  to  a  long  flick 
of  fealing-wax  (PI.  VII,  fig.  1.),  the  threads  of  it  are  exceedingly 
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fine,  and  only  an  inch  and  an  half  long,  and  to  them  are  fattened 
two  hits  of  paper  in  order  to  render  their  motions  within  the  ca¬ 
vity  of  the  well  fufficiently  confpicuous  ;  and  that  I  may  perceive 
them  the  better,  I  cover  the  bottom  of  the  well  with  a  round  plate 
of  tin  blackened  over. 

444.  L  A  man  fufpends  the  fcrutator  in  the  middle  of  the 
lower  cavity  of  the  well,  in  fuch  a  manner  that  it  does  not  touch 
either  the  bottom  or  the  ttdes  ;  I  then  touch  the  well,  at  one 
time  with  the  hook,  and  at  another  with  the  outttde  of  the  bottle, 
when  1  find  that  the  threads  remain  unmoved.  II.  The  perfon 
who  holds  in  his  hand  the  threads  of  the  fcrutator  now  touches 
the  bottom,  and  then  the  fides  of  the  lower  cavity,  and  the  threads 
Thill  remain  unmoved.  III.  The  fame  perfon  fufpends  again  the 
fcrutator  in  the  middle  of  the  lower  cavity,  without  touching 
either  the  fides  or  bottom  of  the  well  ;  I  then  infert  into  the  well 
a  fmall  rod  of  brafs,  with  a  ball  at  its  end,  and  prefent  it  to  the 
threads  of  the  fcrutator,  taking  care  not  to  touch  either  the  edge 
or  fides  of  the  well,  and  the  threads  fly  to  the  ball.  I  deftroy  the 
electricity,  and  the  perfon  who  holds  the  fcrutator  draws  it  out  of 
the  well;  then  the  threads  manifeft  an  ele&ricity  contrary  to  that 
which  I  had  communicated  to  the  well  ;  that  is,  if  I  touched  the 
well  with  the  hook,  the  fcrutator  runs  to  the  hook,  and  flies  from 
the  outfide  of  the  bottle  ;  if  I  touched  with  the  outfide  of  the  bottle, 
the  fcrutator  flies  to  the  outfide  of  the  bottle,  and  runs  from  the 
hook.  IV.  I  annex  a  fhort  and  very  fine  thread  laterally  to  the 
lower  cavity  of  the  well;  the  fcrutator  is  again  fulpended  within 
it,  and  I,  with  the  bottle  (I  always  underhand  it  to  be  ttrongly 
charged)  eleClrify  the  well.  Seeing  that  both  the  threads  of  the 
fcrutator,  and  the  annexed  thread  remain  unmoved,  I  put  the 
brafs  rod  into  the  well,  and  prefent  it  to  the  threads  of  the  fcru¬ 
tator,  when  the  latter  inftantly  run  to  the  rod,  and  the  annexed 
thread  diverges  a  little  from  the  well;  if  both  the  annexed  thread 
and  thofe  of  the  fcrutator  happen  to  be  near  each  other,  they 
immediately  join. 

445.  I  fhall  relate  another  experiment  on  the  fame  fubjeCt,  the 
confequences  of  which  are  Thill  more  obvious  than  thofe  of  that 
j'ufl  defcribed.  I  fatten  to  three  filk  threads  B,  a  cylinder  of  tin 
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(PI.  VII.  fig.  2.)  two  inches  high,  and  alio  two  inches  wide,  the 
edges  of  its  bafis  are  rounded,  that  it  may  not  attract  electricity, 
and  I  call  fuch  cylinder  the  eleCtric  bucket.  I.  A  man  fufpends 
this  bucket  within  the  lower  cavity  of  the  well,  taking  care  that  it 
does  not  touch  either  the  fides  or  bottom  of  it;  I  electrify  the 
well,  the  man  draws  the  bucket  out,  taking  care  to  keep  it  at  an 
equal  diftance  from  the  fides  ;  I  then  prefent  a  thread  to  it,  and  it 
is  not  moved  in  the  leali.  The  man  puts  again  the  bucket  into 
the  lower  cavity  of  the  well,  of  which  I  revive  the  electricity  ;  he 
draws  it  off  again  ;  I  then  prefent  a  thread  to  it,  and  it  itili  keeps 
unmoved.  III.  The  man  again  puts  the  bucket  into  the  lower 
cavity  of  the  well  ;  I  eleCtrify  the  well,  and  then  put  into  it  the 
rod  C,  the  ball  of  which  I  prefent  to  the  bucket  ;  then  a  fpark  is 
thrown  out  of  it,  which,  with  refpeCt  to  its  explofion  and  light, 
is  much  fuperior  to  what  might  be  expeCted  from  the  capacity  of 
the  bucket.  The  man  again  draws  the  bucket  out,  I  prelent  the 
ferutator  to  it,  and  the  threads  are  rapidly  drawn,  then  repelled  by 
it.  When  I  have  touched  the  well  with  the  hook  of  the  bottle,  the 
threads  repelled  by  the  bucket,  are  alfo  repelled  by  the  outfide  of 
the  bottle,  but  drawn  by  the  hook  ;  when  I  touched  the  well 
with  the  outfide  of  the  bottle,  the  threads  repelled  by  the  bucket, 
are  allo  repelled  by  the  hook,  but  drawn  by  the  outfide  of  the 
bottle.  IV.  The  man  fufpends  within  the  well  two  buckets  of 
an  equal  fize  D,  d  (PI.  VII.  fig.  *3.),  the  bucket  d  hanging  from 
the  bucket  D,  by  filk  threads  two  inches  long:  the  bucket  d  is 
lowered  till  it  actually  touches  the  bottom  of  the  well  ;  both  are 
drawn  out,  and  neither  of  them  can  move  the  threads  I  prefent 
to  them.  V.  The  man  again  puts  the  buckets  into  the  well  ;  the 
lower  d  touches,  as  it  did  before,  the  bottom  of  it,  which  D  does 
not  ;  I  then  touch  D  with  the  rod,  and  a  ftrong  fpark  is  thrown 
out;  the  man  draws  out  the  two  buckets,  when  both  draw  the 
threads,  but  D  does  it  moil  llrongly,  and  d  but  very  weakly.  VI. 
i  he  experiment  is  repeated,  and  the  buckets  are  drawn  out;  I  pre~ 
fent  to  D  the  threads  of  the  eleffrofcope,  after  they  have  touched 
the  part  of  the  bottle  contrary  to  that  with  which  I  electrified  the 
well,  and  they  are  repelled  ;  I  then  with  my  finger  touch  the 
ojCKct  and  thefe  fame  threads  which  are  llrongly  repelled  by 
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D,  are  weakly  drawn  by  d.  VII.  I  again  repeat  the  experiment  : 
the  buckets  being  drawn  out,  I  fuddenly  dedroy  the  electricity  in 
D,  and  the  threads  of  the  fcrutator,  which  have  touched  that 
coating  of  the  bottle  with  which  I  have  eledrified  the  well, 
are  repelled  from  d. 

44«5.  Dr.  Franklin,  in  page  325  of  his  works,  propofes  his  ex¬ 
periment  of  a  cork  ball,  which,  hanging  by  a  filk  thread,  and 
lowered  into  a  filver  cann  till  it  touches  the  bottom  of  it,  draws 
no  eledricity  from  it.  I  was  informed  of  this  experiment  by  a 
fhort  but  ingenious  difiertation  of  M.  de  Saufiure,  a  philofopher 
of  Geneva,  when,  in  February  1769,  I  publifhed  my  little  book. 
de  Atmofpherà  Elettrica,  in  which  I  fully  analyfed  this  furprif- 
ing  and  myderious  experiment.  Ì  have  fince  received  the  Work 
of  Dr.  Priedley,  publifhed  in  the  year  1767,  in  which  I  have 
feen  that  the  ingenious  author  had  made  feveral  attempts  (page 
731.)  to  analyfe  the  fame  experiment,  though  he  had  nowife 
fucceeded  ;  this  I  attribute  only  to  the  extreme  delicacy  of  the 
fubjed,  which  requires  both  a  mod  favourable  weather,  and  a 
mod  careful  management  throughout  the  whole  experiment.  The 
weather  being  fuppofed  favourable,  here  are  a  few  things  amongfl 
others,  that  mud  be  attended  to  :  I.  The  bottle  with  which  the 
well  is  to  be  eledrified,  mull,  indead  of  a  book  at  the  end  of  the 
rod  inferted  into  it,  have  a  pretty  big  ball  fixed  to  it,  becauie 
the  hook  which  is  commonly  ufed,  being  made  of  a  thin  rod 
terminating  in  a  point,  may  eafily  turn  the  eledricity  in  the 
threads  of  the  fcrutator  into  a  contrary  one.  II.  When  afterwards 
the  eledricity  is  to  be  excited  in  the  threads  of  the  fcrutator,  they 
mud  at  the  fame  time  that  they  are  prefented  to  the  outfide  of  the 
bottle,  or  to  the  hook  (I  retain  the  fame  name  though  a  ball  is 
now  ufed),  be  rapidly  touched  with  a  finger,  that  they  may 
thereby,  fir  ft,  contrad  a  contrary  eledricity,  and  then  fly  to  thofe  bo¬ 
dies  and  impregnate  themfelves  with  their  eledricity.  III.  Before 
drawing  either  the  fcrutator,  or  the  buckets,  out  of  the  well,  the 
eledricity  of  the  latter  mud  be  dedroyed,  led  thofe  bodies  in  their 
pafiing  through  the  mouth  of  it,  fhould  receive  an  alteration  in  their 
eledrical  date,  from  the  united  atmofpheres  of  the  edge.  IV.  But 
the  chief  reafon  why,  when  the  two  buckets  are  drawn  at  once,  it 
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becomes  neceffary  to  fupprefs  the  e) ecfbrici ty  of  the  well,  is  to  pre~ 
vent  a  mixture  of  the  two  different  electricities;  that  is,  the  ftrong 
one  in  D,  and  the  weak  one  in  d  :  it  is  needlefs  to  obierve,  that 
before  fuppreffing  the  electricity  of  the  well,  the  bucket  d  muft 
be  previoufly  raifed  fomewhat  above  the  bottom,  elfe  its  elec¬ 
tricity  would  be  deftroyed  alfo.  V.  Moreover,  when  the  two 
buckets  have  been  jointly  drawn  out,  it  mud;  be  obferved,  that  as 
long  as  D  will  retain  the  electricity  it  has  contracted  within  the 
well,  the  bucket  d,  which  will  be  furrounded  by  the  atmofphere 
of  D,  will  repel  the  threads  of  the  fcrutator  when  they  have  been 
repelled  by  D  ;  therefore,  the  electricity  of  D  muft  be  previ¬ 
oufly  deftroyed  to  inquire  after  the  contrary,  and  weaker  one 
in  d. 

447.  Thefe  cautions  being  once  carefully  attended  to,  the  ex¬ 
periments  that  I  have  defcribed  are  always  followed  by  the  fame 
effeCts,  and  afford  an  analyfis  of  the  Laid  fine  Franklinian  experi¬ 
ment,  as  well  as  complete  the  demonftration  of  the  property  of 
eleCtric  atmofpheres,  which  I  deduced  in  the  precedent  Chap¬ 
ter  from  the  fimple  experiment  of  a  thread  prefented  either  to  the 
Chain,  or  to  the  Machine  :  the  above  experiments,  befides,  open 
a  vaft  field  for  interefting  and  important  difcoveries. 

448.  All  thefe  experiments  concur  in  making  it  manifeft,  that 
the  electricity  introduced  into  the  well,  endeavours ,  it  is  true ,  to  excite  a 
contrary  one  in  the  threads  of  the  Jcrutator ,  or  in  the  bucket,  or  in 
any  other  body  placed  within  its  cavity  (in  which  confifls  the  firffc 
property  of  eleCtric  atmofpheres.)  II.  But  that  the  homologous 
electricities  that  Jeek  to  communicate  themfelves  to  the  above  bodies  from 
oppofite  parts  of  the  cavity,  reciprocally  obftruB  and  annihilate  each 
other  (which  is  the  fecond  property),  as  long  as  thofe  immerfed 
bodies  have  no  communication  either  with  the  ground,  or  other 
external. body,  by  the  means  of  which  they  may  be  enabled  to 
contract  an  electricity  contrary  to  that  in  the  well. 

449.  Secondly,  from  the  fame  experiments,  a  few  additional 
trutns  are  moreover  difeovered,  concerning  the  above  properties 
of  eleCtric  atmofpheres  j  for  inftance,  they  fhew  that  an  excefs  of 
Jt}  e  endeavours  to  produce  a  defciency  equal  to  it,  and  vice  verfd.  If 
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die  bucket  d,  which  touches  the  bottom  of  the  well,  comes  out 
of  the  fame  with  an  electricity  fo  inferior  to  that  of  the  bucket  D, 
which  remains  fufpended  within  the  cavity  of  it  ?  furely  this  muft 
be  imputed  to  the  aforefaid  equality.  From  the  inner  furface  of  the 
well,  no  quantity  of  fire  can  be  exerted  greater  than  that  which 
can  be  driven  from  the  fmall  furface  of  the  bucket  D  -,  or,  if  the  well 
be  negatively  electrified,  from  the  inner  furface  of  the  well,  no  quan¬ 
tity  of  natural  fire  can  pafs  to  the  outer  furface  of  the  fame,  greater 
than  that' of  the  exceffive  fire  which  can  flow  to  the  inconfiderable 
furface  of  the  bucket  D  ;  therefore,  as  the  whole  capacity  of  the 
pinner  furface  of  the  well,  is  to  the  capacity  of  the  bucket  d,  fo  the 
intenfity  of  the  excited  electricity  (whether  pofitive  or  negative,  which 
all  lies  in  D)  is  to  the  intenfity  of  the  electricity  in  the  bucket  d , 
into  which  only  a  proportional  part  of  the  exciting  electricity  is 
diffufed. 

450.  Fourthly,  from  the  fame  experiments  we  may  again  draw 
this  confequence,  viz.  that  the  eleffricity  which  arifes  in  the  bucket 
immerfed  within  the  cavity  of  the  well,  mujl  be  as  much  Juperior  to  the 
electricity  that  would  take  place  on  the  fame,  if  immerfed  in  the 
outer  atmofphere  of  the  well,  as  the  number  of  points  in  the  cavity  that 
concur  to  affliate  a  contrary  eie ff ricity  in  the  bucket ,  is  greater  than 
the  number  of  points  that  endeavour  to  introduce  a  contrary  eie  ff  ricity 
into  the  faine,  when  fufpended  in  the  outer  atmofphere .  In  fad,  the 
bucket  outwardly  fufpended  gives  a  fpark  much  weaker  than  that 
which  is  thrown  out  by  it,  when  it  is  placed  within  the  cavity  of 
the  well,  &cc. 

451.  In  the  third  place,  it  follows  from  the  fame  experiments, 
that ,  both  the  quantity  of  eie  ff  ricity  that  will  be  exerted from  the  cavity 
of  the  Well  and  the  atmofphere  that  will  be  excited  by  it,  as  well  as  the 
contrary  eie  ff  ricity  that  will  rife  in  that  part  of  a  body  which  is 
only  partly  immerfed  in  the  Well,  will  all  of  them  be  in  proportion 
to  the  capacity  of  that  part  of  the  fame  body  which  is  not  immerfed . 
With  three  hi k  firings  joined  together  in  B  (PI.  VII.  fig.  4.)  I  fuf- 
pend  within  the  well  A,  the  cylinder  C,  the  edge  of  which  is 
rounded  at  its  bafis,  and  I  keep  it  at  an  equal  diftance,  that  is  two 
inches,  both  from  the  fides  and  the  bottom.  I  eleCtrify  the  well, 
and  that  part  of  the  cylinder  C,  which  is  not  immerfed,  repels 
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the  fame  eledrofcope  that  is  repelled  by  the  well  ;  it  poflefles, 
therefore,  the  fame  kind  of  eledricity.  This  may  be  eafily  ex¬ 
plained:  the  eledricity  of  the  well,  by  raifing  an  eledricity  con¬ 
trary  to  its  own  in  the  immerfed  part  of  the  cylinder,  neceflarily 
introduces  a  contrary  one  (confequently  one  homologous  to  its 
own)  into  that  part  which  is  not  immerfed  ;  or,  in  other  words, 
the  natural  fire  driven  from  the  former  part  of  the  cylinder 
goes  into  the  latter;  or,  if  the  well  be  negatively  eledrified, 
the  natural  fire  runs  from  the  part  which  is  not  immerfed 
and  accumulates  itfelf  on  that  part  which  is  immerfed.  Therefore, 
according  as  the  capacity  of  that  part  of  the  cylinder  C  which 
remains  out  of  the  well  in  the  open  air  (it  muft  be  obferved,  that 
the  air  near  the  mouth  of  the  well  is  fomewhat  affeded  by  the 
atmofphere,  both  of  the  edges,  and  of  the  upper  part  of  the  ca¬ 
vity,  which  obliquely  exerts  itfelf)  will  be  greater  or  lefs,  both 
the  excited  and  the  exciting  eledricities,  and  the  atmofphere 
through  which  this  excitation  is  effeded,  will  alfo  be  proportion- 
ably  Stronger  or  weaker. 

452.  From  the  fame  experiments  it  refults  alfo,  that  eledlric  at - 
mofpheres  exert  themfelves  and  operate  obliquely  ;  this  I  have  juft:  now 
taken  for  granted,  I  will  now  try  to  demonftrate  it.  Let  us  for 
an  inftant  fuppofe  that  eledric  atmofpheres  only  operate  diredly; 
if  fo,  the  eledricity  from  the  bottom  of  the  well  will  fuffer  no 
kind  of  counteradion,  while  the  fides  of  it  will  counterad  each 
other;  an  eledricity  will,  therefore,  be  able  to  fpring  diredly 
from  the  bottom  of  the  well,  and  none  will  be  thrown  from  the 
inner  edges,  fince  every  point  of  them  has  fome  other  point  di¬ 
redly  oppofite  to  it  ;  but  now,  this  is  not  by  any  means  the  cafe  ; 
we  muft,  therefore,  acknowledge,  that  the  eledricity  that  is 
thrown  from  the  bottom  is  counteraded  by  that  which  obliquely 
fprings  from  the  fides  of  the  well,  direding  itfelf  towards  that 
fame  bottom  ;  and  alfo,  that  a  certain  quantity  of  eledricity  real ly 
exerts  itfelf  in  an  oblique  diredion,  from  the  inward  edge  or 
mouth  of  the  well.  All  this  may  be  very  eafily  ascertained  by  the 
following  experiment.  Let  a  number  of  fhort  threads,  about  an 
inch  and  half  long,  be,  both  outwardly  and  inwardly,  annexed  to 
tne  fides  of  the  well  ;  let  them  be  difpofed  in  a  vertical  line,  fo  as 
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to  form  as  it  were  a  fingle  continued  thread.  When  the  well  is 
electrified,  thofe  threads  which  dand  within  the  lower  cavity  of 
the  well,  keep  their  former  Situation  ;  thofe  which  are  adapted  to 
the  outfide  of  it,  are  all  raifed  into  lines  perpendicular  to  the  Sides 
of  the  well,  though  with  a  fmall  deviation  from  each  other,  by 
which  the  one  are  inclining  to  the  right,  the  other  to  the  left  fide 
alternately  :  thofe  which  are  annexed  to  the  upper  part  of  the  in¬ 
fide  of  the  well,  diverge  more  or  lefs  from  it,  according  as  they 
Hand  nearer  to  the  mouth  ;  and  if  any  threads  have  been  annex¬ 
ed  to  the  bottom  of  the  well,  they  remain  entirely  unmoved. 

453.  This  oblique  aCtion  of  eleCtric  atmofpheres  explains 
how  it  comes  to  pafs,  that  the  atmofphere  of  the  one  Jurface  of  an  in - 
fulatmg  plate,  extends  itfelf  fo  far  as  to  reach  the  other  furface  of  it  ; 
and  from  thence  comes  to  be  completely  understood,  one  of 
the  mod;  perplexing  experiments  that  occur  in  the  fcience  of 
electricity.  The  experiment  has  been  fird  made  by  Mr.  Rich- 
man  :  M.  Epino,  as  I  understand  from  Mr.  Priedley’s  Work,  has 
related  it,  but  as  I  have  not  been  able  as  yet  to  procure  his  book,  I 
filali  defcribe  the  above  experiment  in  the  manner  that  it  has  con  dan  tly 
fucceeded  with  me,  and  conformably  to  the  analyfis  I  have  made  of  it. 
Let  A  B  (PL  VI.  fig  13.)  be  a  glafs  plate  nine  inches  long,  and  feven 
inches  wide.;  let  M  N  and  O  P  reprefent  its  coatings  ;CD,  EF,  are 
two  very  thin  threads,  an  inch  and  an  half  long,  with  dripes  of  paper 
hanging  from  them,  and  they  are  annexed  to  the  middle  points  of 
both  coatings  ;  I  then  infulate  the  plate  on  a  dick  of  fealing-wax, 
and  make  the  coating  MN  communicate  with  the  Chain,  though 
in  fuch  a  Situation  that  the  electricity  from  the  Chain  do  not 
counteract  the  electricity  which  is  to  rife  in  the  thread  C  D.  From 
the  ground  I  touch  the  other  coating  P  O,  taking  care  to  keep  my 
finger  at  fuch  a  didance  O  from  the  thread  E  F,  that  it  may  not 
influence  its  divergence  ;  and  then  I  obferve,  I.  That  in  proportion 
as  the  charge  is  farther  promoted,  both  threads  CD,  EE,  gra¬ 
dually  acquire  a  greater  divergency.  IL*  That  if,  in  this  date  of 
things,  a  perfon  infulated  and  communicating  with  the  Chain, 
prefents  the  palm  of  his  hand  parallel  to  the  plate,  near  the  thread 
CF,  the  latter  falls;  and  if  from  the  ground  I  likewise  prefent 
my  hand  to  the  thread  EF  (dill  touching  the  coating  in  O),  the 
thread  E  falls  likewife.  If  both  the  hands  that  are  prefented  to 
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the  threads,  or  either  of  them,  are  removed,  both  the  threads, 
or  either  of  them,  begin  again  to  diverge.  III.  If,  when  the 
charge  is  completed,  I  prefent  my  hand  to  the  thread  E  F, 
it  falls  down,  though  I  entirely  leave  oft  touching  the  coating 
with  my  other  hand  ;  but,  on  the  contrary,  if  before  the  charge 
is  completed,  I  prefent  my  finger  to  the  thread,  and  leave  off  touch¬ 
ing  the  coating,  it  flies  to  my  finger. 

454.  All  the  difficulty  arifing  from  this  experiment  is  re- 
folved  by  fuppofing  (which  is  the  truth),  that  the  eledtric  at- 
mofphere,  which  (while  the  charge  is  advancing)  is  excited 
from  the  coating  M  N,  bends  its  courfe,-  and  actually  ex¬ 
tends  itfelf  to  the  air  contiguous  to  the  other  furface  of  the  plate; 
hence* both  the  coating  PO,  and  the  thread  EF,  being  im- 
merfed  in  air  adtuated  by  the  electric  atmofphere  from  the  oppofite 
furface  which  is  pofitively  eledtrified,  become  eledtric  by  defi¬ 
ciency  ;  therefore,  the  thread  E  F  diverges  from  the  coating.  But 
when  afterwards  I  oppofe  my  hand  to  this  thread  EF,  my  hand  alfo 
becomes  eledtric  by  deficiency  ;  hence  the  homologous  eledtricities 
of  the  coating  PO,  and  of  my  hand,  oppofing  the  adtion  of  each 
other,  the  thread  between  them  falls.  When  I  prefent  my  hand 
to  the  thread  E  F,  and  ceafe  at  the  fame  time  to  touch  the  coating, 
then  the  thread  EF  runs  to  my  hand  ftthe  reafon  of  this  is,  that  the 
natural  fire  which  is  continually  driving  from  the  coating  to  which 
the  thread  is  annexed,  runs,  theother  communication  being  now  re¬ 
moved.  to  my  hand  through  that  fame  thread.  But  when  the  charge 
comes  afterwards  to  be  completed,  as  no  fire  is  any  longer  driven  from 
P  O,  then,  even  though  I  ceafe  to  touch  the  coating  P  O,  the  thread 
E  F,  the  coating  itfelf,  and  my  hand,  all  remain  eledtric  by  de¬ 
ficiency,  though  the  continued  adtion  of  the  eledtric  atmofphere 
of  the  other  furface  MN,  which,  as  has  been  obferved  above, 
continues  to  bend  its  courfe,  and  to  flow  to  this  furface  P  O. 

455.  I  demonftrate  the  truth  of  the  above  explanation,  by  ex¬ 
perimenting  with  the  large  plate  ABCD  (PL  II.  fig.  8.)  I  annex 
two  ftripes  of  gold  leaf  to  the  margin  of  its  inferior  coating,  and 
place  them  parallel,  and  near  to  each  other;  I  annex  two  other 
ftripes  to  the  fame  coating,  and  place  them  fomewhat  more  ad¬ 
vanced  within  the  compafs  of  it;  and  two  others  befides,  at  a 
ft  ill  greater  diftance  from  the  margin;  this  inferior  coating  is 
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then  made  to  communicate  with  the  ground,  and  the  upper 
coating  with  the  Chain  ;  when  I  obferve,  I.  That  in  proportion 
as  the  charge  advances,  the  eledrofcopes,  or  Rripes,  annexed  to 
the  inferior  coating,  gradually  acquire  fome  divergence;  but 
with  this  difference  between  them,  that  thofe  which  Rand  neareR 
to  the  margin  of  the  coating,  manifeR  firR  their  divergence;  then 
thofe  which  follow  them  ;  and,  laR  of  all,  the  third  Rripes  be¬ 
gin  to  manifeR  what  finali  degree  of  divergence  they  may  have  ac¬ 
quired.  II.  The  charge  being  completed,  the  greateR  divergence 
Rill  continues  to  take  place  in  thole  Rripes  which  Rand  neareR 
to  the  margin;  a  lefs  divergence  obtains  in  thofe  Rripes  which  have 
been  placed  in  the  middle;  and  the  leaR  divergence  is  manifefled 
by  the  remoteR  Rripes.  III.  All  thofe  Rripes  fly  from  my  finger, 
and  thofe  which  diverge  leaR,  increafe  their  divergence  when 'I 
place  my  little  finger  between  them.  IV.  All  fly  from  the  out- 
fide  of  a  bottle  inwardly  charged  by  excefs.  From  thefe  fads  I 
therefore  conclude,  that  all  the  Rripes  are  eledric  by  deficiency, 
as  alfo  is  my  finger  (though  no  doubt  in  a  lefs  degree  than  the 
above  mentioned  bottle).  The  reafon  is,  that  both  they  and  my 
finger  are  immerfed  in  an  atmofphere  aduated  from  an  exceffive 
eledricity,  which,  bending  its  courfe,  flows  to  the  inferior  coating 
to  which  thofe  Rripes  are  annexed,  and  introduces  a  greater  or 
lefs  degree  of  eledricity  into  them,  according  as  they  are  fituated 
nearer  to,  or  farther  from,  the  edge  of  the  plate.  That  a  body 
immerfed  in  a  given  atmofphere  acquires  an  eledricity  contrary  to 
that  by  which  this  atmofphere  is  aduated,  is  what  I  think  I  have 
demonRrated  before,  and  what  every  body  may  eafily  afcertain. 
Prefent  a  very  fine  thread  to  the  Chain,  and  when  it  . begins  to  move 
towards  it,  prefent  your  finger  laterally  to  this  thread,  it  will  fly 
from  your  finger. 

455.  Fifthly,  We  may  conclude  from  the  above  experiments,  that 
from  hollow  furfaces  imperfectly  clofed ,  an  electricity  will  be  manifefed , 
which  will  be  lefs  in  proportion  as  thofe  furfaces  are  nearer  being  complete¬ 
ly  clofed  ;  and  in  proportion  as  they  change  either  to  plane,  or  to  convex ,  or 
to  more  convex,  furfaces,  an  eleclricity  will  be  inanifefed  around  them 
in  greater  plenty  and  augmented  force  ;  this  is,  becaufe  in  pro¬ 
portion  as  the  furface  will  be  lefs  hollow  and  clofed,  and  will  ap¬ 
proach  nearer  to  being  plane,  the  reciprocal  counteradion  of  the 
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atmofphere  actuated  from  different  points  of  this  furface,  will 
leffen.  But  as  atmofpheres,  as  we  have  juft  now  obferved, 
aCt  allo  very  obliquely,  and  even  fo  much  fo  as  to  bend  their 
courfe  from  the  one  fide  of  a  plate  to  the  other,  always  preferving 
their  property  of  exciting  an  electricity  contrary  to  that  by  which 
they  were  actuated  in  the  beginning,  it  hence  follows  that  eleCtri- 
cal  atmofpheres  from  plane  furfaces,  counteract  each  other  in 
alefs  degree  than  thofe  which  fpring  from  concave  furfaces,  though 
in  a  greater  degree  than  thofe  which  fpring  from  convex  furfaces  ; 
fo  that  an  electricity  that  rufhes  from  an  infinitely  convex  furface, 
that  is,  from  a  very  (harp  point,  placed  at  a  great  diftance  from  any 
other  furface  that  may  be  animated  with  an  electricity  homologous 
to  its  own,  will  be  counteracted  the  leaft  poffible,  will  be  thrown  out 
with  thegreateft  force,  and  will  exhibit  either  the  brulli  or  the  little 
flar.  But  of  thefe  important  conclufions,  I  only  mean  in  this  place 
to  drop  a  feed,  or  hint  ;  let  us  for  the  prefent  proceed  to  reap 
other  fruits  from  our  analyfis  of  the  eleCtric  well  *. 

456.  O f  fuch  fruits  or  difcoveries,  the  following  is  certainly  a 
very  valuable  one,  viz.  that  we  have  at  length  afcertained  that ,  m 
predi  ng  electricity ,  any  excefs  of  fire ,  any  deficiency  of  the  fame,  any 
kind  of  electricity  in  fioort,  is  confined  to  the  free  open  furface  of  bo¬ 
dies,  without  in  the  leaf  difiufing  itf elf  into  their  fubfi ance.  I  fay  in 
preffing  electricity,  becaufe  with  refped:  to  the  vivid  eleCtricity  of  a 
fpark,  there  is  no  doubt  but  the  latter  condenfates  itfelf  for  an  in- 
ffant  within  the  pores  of  bodies,  and  endeavours  to  break  the  co- 
hefion  of  their  folid  parts.  With  regard  to  comm  on,  prefiing,  elec¬ 
tricity,  it  no  eleCtricity  can  by  it  be  made  to  adhere  to  the  wide 
cavity  of  an  eleCtric  well,  how  can  we  imagine  that  any  eleCtricity 
will  better  be  brought  to  adhere  and  be  accumulated  within  the 
narrow  cavities  of  the  inward  pores  ot  bodies  ?  We  cannot,  it  is 
true,  fuppofe  that  within  the  fubftance  of  bodies  there  is  any  fuch 
medium  as  air,  by  means  of  which  oppofite  atmofpheres  may 

*  If  the  reader  entertains  filli  any  doubt  about  the  reality  of  the  oblique  notion  of 
electric  atmofpheres,  the  following  experiment  will  remove  them.  Let  him  place  one 
ot  his  hands  open  under  tbe  great  conductor,  with  a  thread  hanging  from  the  middle  of 
it  •,  lie  will  find  that  this  thread  becomes  electrified  by  deficiency,  through  the  oblique  ac¬ 
tion  of  the  atmofphere  of  the  condudlor,  as  well  as  a  finger  of  his  other  hand,  e.\ poled 
to  the  diicd  action  of  this  atmofphere j  and,  in  faCt,  if  he  prefents  that  linger  to  the 
thread,  the  latter  will  fly  from  it. 
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be  actuated  ;  but  yet,  do  not  the  folid  particles  that  confiitute  the 
partitions  between  the  pores  of  fuch  compact  bodies,  for  inftance 
gold,  Hand  much  clofer  to  each  other  than  do  the  folid  particles  of 
air  ?  Muff  not,  therefore,  the  fame  counteraction  and  oppofition 
take  place  between  the  portions  of  eleCtric  fire  diffufed  within  the 
pores  of  a  piece  of  gold,  as  obtains,  by  means  of  the  fire  inhe¬ 
rent  in  the  fubfiance  of  the  air,  between  the  homologous  elec¬ 
tricities  that  endeavour  to  accumulate  themfelves  within  the  ca¬ 
vity  of  the  well  ? 

457.  On  this  occafion,  I  fhall  remind  the  reader  of  the  obferva- 
tions  formerly  related  in  page  76  of  Artificial  Elcftricity .  A  cube 
made  only  of  gilt  paper  both  attracts  and  gives  fparks  with  the 
fame  degree  of  force  as  a  fimiiar  cube  of  folid  iron.  Here  too 
comes  in  its  proper  place  the  experiment  of  Dr.  Franklin,  who  favv 
an  electricity  exerted  on  the  furface  of  a  metallic  Chain,  grow 
more  vivid  in  proportion  as  a  greater  portion  of  the  faid  Chain  was 
gradually  made  to  gather  within  a  tumbler.  I  have  imitated  the 
fame  experiment  after  another  manner.  I  adapt  fine  and  fhort 
threads  to  the  body  of  a  Man,  to  his  forehead,  to  his  back,  to  his 
legs,  to  his  arms,  &c.  I  bid  him  Hand,  with  his  arms  and  legs 
flretched  as  much  as  he  can,  on  two  infulating  ftools,  and  then 
give  him  a  fpark  from  a  bottle  Hrongly  charged  ;  when  I  find  that 
the  threads  immediately  diverge  $  though  moH  of  all,  thofe  which 
are  lead;  counteracted  by  the  electricity  of  other  adjacent  parts. 
The  Man  afterwards  joins  together  both  his  legs  on  one  fiool,  drops 
his  arms,  and  at  laft  gathers  and  folds  his  body  in  the  fame  man¬ 
ner  as  taylors  ufe  to  do;  then  the  threads  placed  in  thofe  parts 
which  are  become  clofe  to  each  other,  fall  down;  and  thofe,  on 
the  contrary,  which  remain  expofed  to  the  free  open  air,  increafe 
their  divergence.  I  repeat  the  experiment  in  a  contrary  manner, 
and  give  a  fpark  to  the  Man  when  he  is  thus  gathered  ;  and  as  foon 
as  he  begins  to  unfold  and  firetch  himfelf,  the  divergence  of  the 
threads  in  the  open  air  lefiens,  and  thofe  fituated  between  joined 
parts  of  his  body,  acquire  a  divergence,  according  as  they  gradual¬ 
ly  become  feparated  from  each  other. 

458.  If  to  thefe  obfervations  we  add,  that  any  fpark,  even  the 
fmalleft,  given  to,  or  drawn  from,  a  large  conductor,  always  is 
feen  to  caufe  a  fenfible  excefs  or  deficiency  in  the  threads,  though 
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ever  fo  thin  and  comparatively  fmall,  that  may  be  annexed  to 
it  j  that  any  electricity  excited  in  one  part  of  an  extend  ve 
conductor  by  any  kind  of  eleCtric  atmofphere,  becomes  manifeft- 
cd  on  the  whole  part  of  that  conductor  which  is  immerfed  in 
that  atmofphere,  and  excites  an  equal,  but  contrary  one,  on  that 
part  of  the  fame  which  is  not  immerfed,  then,  we  (hall  be  con¬ 
vinced,  that  EleCtricity  does  not  diffufe  itfelf  into  the  fubftance  of 
Bodies  ;  or,  in  other  words,  that  the  eleCtrical  fire  is  not  conden- 
fated  or  dilated  within  the  inward  fubffance  of  electrified  Bodies. 

459.  But,  ladly,  if  electricity  did  really  penetrate  into  the  in¬ 
ward  fubdance  of  electrified  bodies,  furely  when  I  lower  the 
bucket  into  the  electrified  well,  and  make  it  touch  the  bottom, 
a  part  of  the  electricity  which,  in  the  cafe  wre  fuppofe,  is 
diffufed  within  the  cavity  of  it,  would  allo  diffufe  itfelf  into  the 
bucket,  and  be  manifeded  on  it  when  I  extraCt  it  from  the  well  ; 
now;  when  the  operation  is  carefully  made,  the  bucket  condantly 
comes  out  of  the  well  without  the  lead  electricity. 

460.  Ladly,  The  fame  experiments  explain  the  following  pa¬ 
radox,  viz.  that  the  natural  quantity  of  fire  contained  within  infulat - 
ing  bodies-,  is  incredibly  greater  than  the  quantity  contained  in  deferent 
bodies .  This  principle  becomes  farther  confirmed,  when  we  con- 
fider,  that  an  hundred  infulated  Men  can  fcarcely  fupply  the  fur- 
face  of  a  bottle  with  the  neceffary  fire  to  charge  it  ;  neither  could 
they  receive  the  whole  quantity*  that  efcapes  from  the  outfide  of 
the  fame  bottle.  The  fame  thing  obtains  alfo  with  regard  to  the 
difeharging  of  the  bottle  ;  an  infulated  Man  touches  an  hundred  dif¬ 
ferent  times  the  coating  of  a  charged  bottle,  the  other  coating  of 
which  communicates  with  the  ground;  and,  though  after  every 
touch  he  takes  care  to  diffipate  the  fire  he  has  received  (or  to  re¬ 
cover  that  which  he  has  given),  he  never  has  done  exciting  frefh 
fparks  from  the  bottle;  whence  I  was  induced  to  conclude  that 
the  bottle  could  give  or  receive  more  fire  than  an  hundred  Men 
could  receive  from,  or  give  to,  it;  and,  confequently,  that  the  na¬ 
tural  quantity  of  fire  in  an  ordinary  glafs-bottle  exceeded  that  con¬ 
tained  in  an  hundred  Men. 

461.  But  though  we  have  demonftrated  this  truth,  that  the  na¬ 
tural  quantity  of  eledtric  fire  remains  unaltered  wfithin  the  fub- 
ftance  of  deferent  bodies,  yet  we  have  nowife  demonftrated  this, 
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viz.  that  glafs  a&ually  contains  more  fire  than  deferent  bodies  do. 
A  man,  for  aught  we  know,  may  contain  a  very  great  quantity  of 
cleCtric  fire  ;  this  only  is  afcertained,  that  he  can  give  to  the  bottle 
no  other  fire  than  what  he  can  himfelf  receive  from  other  bodies, 
or  receive  from  the  fame  no  more  fire  than  he  can  tranfmit  to 
other  bodies.  With  refpeCt  to  the  air  around  him,  as  the  charge 
of  that  element  can  be  but  very  finali,  a  man  needs  only  receive 
a  very  finali  quantity  of  electricity  from  it,  to  exhaufl:  it  ;  there¬ 
fore,  in  this  cafe  likewife,  he  may  actually  contain  a  very  great 
quantity  of  fire,  though  he  only  gives  to  the  air  around  him,  or 
draws  from  the  fame,  an  exceeding  finali  quantity.  In  order  to  be 
able  to  draw  a  great  quantity  of  fire  from  the  air,  or  give  it  to 
the  fame,  a  man  muft  communicate  with  an  extenfive  fyfiem, 
from  which  he  may  draw,  or  to  which  he  may  tranfmit,  fuch 
fire. 

462.  The  above  is  the  eflfential  difference  between  infulating  and 
deferent  bodies.  With  refpeCt  to  the  former,  fuch  is  the  conie- 
quence  of  their  ele&rical  impenetrability ,  that  great  alterations  in 
their  eleCtric  fire  may  be  introduced  in  their  oppofite  furfaces  ; 
and  fuch  alterations  are  both  equal  to  each  other  on  the  refpeCtive 
lurfaces  on  which  they  take  place,  and  contrary  ;  but  in  deferent 
bodies,  no  fuch  alteration  can  be  effected,  on  account  of  their  pene¬ 
trability',  though,  for  aught  we  know,  the  denfity  of  the  fire  in  de¬ 
ferent  bodies  may  very  well  be  equal  to  the  natural  denfity  of  it  in 
infulating  bodies. 

463.  I  attempted  to  afcertain  this  by  an  immediate  experiment  ; 
I  infulated  a  wax  candle  a  foot  high,  ten  lines  thick,  on  a  glafs 
candleftick;  I  infulated  a  tube  of  glafs  above  the  candle,  fo  that 
the  flame  entered  it  ;  above  the  faid  tube  I  again  infulated,  with 
its  head  downwards,  an  alembic  of  brafs,  the  neck  of  which  was 
bent  backwards  and  forwards  feveral  times  ;  yet,  out  of  feveral 
very  fine  threads  which  I  annexed  to  that  neck,  none  manifefled 
the  lead:  electricity,  either  when  the  glafs  tube  became  de¬ 
ferent  by  its  being  heated  till  it  grew  red-hot,  or  when  the  fame 
afterwards  cooled,  and  thereby  recovered  its  infulating  nature. 

464.  But,  of  all  others,  the  following  obfervation  convinces 
me  mod  of  the  above  truth.  A  flrong  fpark  from  an  eleCtric  bat- 
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tery  will  vitrify  metallic  particles,  and  thus  in  an  inftant  from  de¬ 
ferent  render  them  infulating  -,  yet  no  part  of  the  fpark  is  found 
afterwards  to  have  remained  affixed  to  thefe  bodies  ;  for  the  de¬ 
ficiency  that  may  have  remained  on  the  one  fide  of  the  battery, 
after  a  difcharge  of  the  kind  we  mention,  is  found  to  be  precifely 
equal  to  the  remnant  of  excefs  left  on  the  oppofite  fide. 

CHAP.  III. 

In  which  the  three  properties  of  eie  Sirie  atmofpheres  are  confirmed  by 
experiments  made  on  convex  bodies.  "Their  power  of  exciting  atmo¬ 
fpheres  of  a  contrary  kind  on  the  faìne  body,  is  explained  -,  and  the 
point  where  an  equilibrium  between  thofe  atmofpheres  takes  place,  is 
determined . 

465.  f  I  '  H  E  atmofpheres  of  infulating  bodies  are  in  one  fenfe 
X  immoveable,  as  well  as  their  electricities  -,  that  is,  as  long 
as  the  deficiency  or  excefs  of  the  eledric  fire,  on  given  points  of 
(ticks  of  fealing-wax,  cr  glafs,  remain  unaltered,  the  air  around 
them  will  remain  aduated  in  the  fame  manner;  fo  that  the  fire  in¬ 
herent  in  them  will  remain  relaxed,  contiguoully  to  the  defici¬ 
ent  wax,  or  polle  fifed  of  a  fuperior  tendon,  contiguoully  to  the  exube¬ 
rant  glafs  ;  but,  in  deferent  bodies,  the  eledric  fire  being  able  to  be 
transfufed  from  the  one  part  of  them  to  the  other,  the  eledric  at¬ 
mofpheres  of  fuch  bodies  are  moveable,  as  well  as  the  electricities 
by  which  they  are  produced. 

466.  Now,  in  conformity  to  fuch  principle,  lìnee  the  atmo- 
fphere  of  an  inlulating  body  never  is  difplaced  in  confequence  of 
its  meeting  with  the  eledric  fire  of  a  deferent  body,  it  follows, 
that  all  difplacement  that  may  arife  from  their  mutual  adion, 
will  take  place  in  the  fire  of  the  deferent  body;  exadly  in  the 
fame  manner  as  if  an  elaftic  finite  body  itrikes  again  ft  another 
elaflic  body,  the  mafs  of  which  is  infinite,  the  infinite  refinance  of 

this  latter  will  rejed  into  the  former  all  the  motion  that  may  arife 
from  fuch  a  (hock. 
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467.  In  confidering  the  elettric  alterations  that  may  take  place 
on  a  deferent  body,  two  parts  muft  be  diftinguifhed  on  the  fur- 
face  of  the  fame,  viz.  the  immerfed  part,  that  is  to  fay,  that  part 
of  its  furface  which  is  immerfed  in  the  atmofphere  of  the  infulating 
body  placed  near  it;  and  the  part  not  immerfed,  that  is  to  fay,  that 
part  to  which  this  atmofphere  does  not  reach.  The  alterations 
that  will  take  place  on  thefe  two  parts  will  be  contrary  to  each 
other  in  their  quality  ;  becaufe  they  will  refult  from  a  quantity  of 
fire  being  given  (and  as  it  were  lent)  by  the  one  to  the  other. 
With  regard  to  the  intenfity  of  fuch  alterations,  they  will  be  in  a 
reciprocal  ratio  to  the  capacities  of  the  parts  on  which  they  refpec- 
tively  take  place  ;  fo  that  the  deficiency  that  will  arife  on  that  part 
which  will  have  given  its  own  fire  to  the  other,  will  be  to  the  ex- 
cefs  that  will  arife  on  that  other  part,  in  the  fame  ratio  as  the  ca¬ 
pacity  of  the  latter  ftands  to  the  capacity  of  the  former.  But  this 
principle  cannot  be  thoroughly  well  underftood,  till  a  few  addi¬ 
tional  experiments  have  been  related  and  defcribed. 

468.  Thefe  experiments  I  chiefly  make  with  the  following  ap¬ 
paratus.  In  a  place  fufficiently  roomy,  I  infiliate  four  large  tubes, 
or  conductors  of  tin,  two  inches  and  a  quarter  in  diameter,  the 
edges  of  which  are  coated  at  their  openings  with  fealing-wax,  in 
order  to  prevent  their  drawing,  or  throwing  any  electricity  ;  the 
firft  tube  is  eight  feet  long,  the  fecond  four  feet,  the  third  two 
feet,  and  the  laft  only  one  foot.  I  have  reprefented  all  thefe  tubes 
in  one  figure  (PL  VIII.  fig.  8.)  though  they  were,  in  my  experi¬ 
ments,  feparated  from  each  other,  and  they  are  infulated  by  filk 
firings.  The  furfaces  of  thofe  conductors  are  divided  by  marks 
into  inches,  and  from  every  divifion  hangs  an  eledtrofcope  (in  the 
figure  they  are  only  exprefi'ed  at  every  interval  of  fix  inches  to 
avoid  a  confufion)  ;  each  of  thofe  eledtrofcopes  is  made  with  two 
very  thin  threads,  two  inches  and  an  half  long,  and  two  very 
finali  balls  of  pith  of  elder  :  thofe  eledtrofcopes  are  fo  difpofed, 
that  the  threads  hang  parallel  to  each  other,  and  the  balls  almofi 
touch  one  another  1  as  the  leaft  motion,  or  fhakc,  will  entangle 
the  threads  together,  care  muft  be  taken  before  beginning  the  ex¬ 
periment,  to  feparate  them. 
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496.  I  prefent  the  tube  of  glafs,  ftrongly  cleftrified,  to  one  ex¬ 
tremity  of  the  conductor  A  and  B,  and  flowly  carry  it  round  the 
fame  at  the  diftance  of  half  a  foot  (a  diftance  through  which  in 
dry  weather  its  actuating  electricity  cannot  be  communicated  to 
the  conductor,  and  of  courfe  loll;),  and  I  take  care  to  keep  this 
electrified  tube  under  the  fir  ft  eleCtrofcope  A,  perpendicularly  to 
the  axis  of  the  conductor  A.  I,  All  the  eleCtrofcopes  between  A 
and  2  B,  diverge;  the  eleCtrofcope  A  mod  of  all,  and  the  others 
gradually  lefs.  The  electroicopes  between  2  B  and  3  B  fcarcely 
move.  From  3  B  to  4  B  the  eleCtrofcopes  are  alfo  found  to  di¬ 
verge,  thofe  near  3  B  diverge  lefs  than  thole  near  4  B.  The 
other  eleCtrofcopes  between  4  B  and  8  B  diverge  all  of  them  almoft 
equally,  but  fenftbly  lefs  than  the  firft  eleCtrofcopes  in  A.  II.  The- 
eleCtrofcopes  in  the  whole  fpace  A  2  B,  give  figns  of  a  deficient 
electricity;  they  fly  from  rubbed  iealing-wax.  The  eleCtrofcopes 
from  3  B  to  b  B,  give  figns  of  an  excefiive  electricity  ;  they  fly 
from  rubbed  glafs,  or  from  the  hook  of  a  charged  bottle.  III.  I 
remove  the  electrified  tube,  all  the  eleCtrofcopes  fall,  and  there 
remains  no  fign  of  electricity  in  any  part  of  the  whole  con¬ 
ductor. 

470.  I  propofe  to  explain- at  fome  length  this  firlt  experiment, 
it  will  greatly  facilitate  the  underflanding  of  the  fubfequent  ones. 
I.  The  excefiive  fire,  which  continues  actuated  on  the  furface  of 
the  electrified  glafs-tube  C,  actuates  an  atmofphere  in  the  air 
around  it;  it  excites  a  particular  kind  of  tenfion,  or  force,  in  that 
air,  and  by  its  means  endeavours  to  raife  a  deficient  electricity  on 
the  whole  part  of  the  conductor  which  the  laid  atmofphere  fur- 
rounds  ;  that  is  to  fay,  this  atmofphere  endeavours  to  drive  into 
the  fubftance  of  the  conductor  the  natural  fire  which  lies  near  its 
furface..  II.  This  power  in  the  atmofphere  of  the  glafs-tube  gra¬ 
dually  diminifhes,  conftantly  keeping  a  certain  proportion  both 
with  the  diftance  of  the  faid  tube,  and  with  the  excefiive  fire 
which  continues  to  be  exerted  on  the  furface  of  the  fame  ;  there¬ 
fore,  the  atmofphere  of  this  tube  will  drive  into  thofe  parts  of  the 
conductor  which  are  remoter  from  the  point  A,  a  lefs  quan¬ 
tity  of  fire  than  into  thofe  which  lie  nearer  the  fame  point; 
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again,  therefore,  the  divergence  of  the  eleCtrofcopes  mud  from  A 
towards  2  B  gradually  lefien,  and  at  lad  vanifh.  III.  The  extre¬ 
mity  of  the  atmofphere  of  the  glafs  tube,  reaches  (as  we  fuppofe) 
fo  far  as  4  B  ;  and  fince  the  fire  which  this  atmofphere  endeavours 
in  all  this  fpace  A  4  B,  to  drive  into  the  conductor,  cannot  be 
condenfated  within  the  fubdance  of  the  fame,  it  cannot  of  courfe 
enter  it  without  driving  an  equal  quantity  of  fire  out  of  it,  which 
will  become  manifeded  on  fome  other  part  of  the  furface  of  the 
conductor,  which  the  atmofphere  does  not  reach  ;  for  indance,  in 
4  B  8  B,  or  even  in  3  B  4  B,  whereto  the  atmofphere  indeed  per¬ 
haps  reaches,  but  only  in  a  faint  imperfetti:  manner.  IV.  Hence 
two  contrary  forces  will  refult,  which  will  endeavour  in  contrary 
ways,  to  fet  the  electricity  in  the  conductor  in  motion  ;  the  one 
uneven  and  decreafing,  that  is  to  fay,  that  from  the  glafs  tube 
which,  in  proportion  as  the  didance  of  it  will  be  greater,  will 
drive  with  the  lefs  force  the  fire  lying  on  the  furface  of  the  conduc¬ 
tor,  into  the  fubdance  of  the  fame  ;  and  this  fire,  as  has  been  ob- 
ferved,  mud  unavoidably  drive  in  its  turn  an  equal  quantity 
of  interior  fire  from  fome  other  part  of  the  fame  conductor.  The 
other  force  will  be  uniform;  it  will  be  that  of  this  fire  thus  forced 
out  of  the  conductor,  and  kept  out  on  its  furface,  which  will  reaSl 
back,  and  endeavour  to  force  anew  out  of  the  body  of  the  conductor 
a  new  quantity  of  inward  fire.  V.  The  place  where  fuch  contrary 
forces  will  become  equal  to  each  other,  will  be  (and  let  us  call  it 
fo)  the  place  of  equilibrium  :  there  no  vifible  electricity  will 
obtain,  the  natural  fire  of  the  place  being  equally  folicited  there 
b>y  two  equal  and  contrary  forces.  VI.  Let  fuch  place  be  in  the 
middle  between  2  B  and  3B:  from  the  latter  point  towards  4  B, 
the  divergence  by  excels  of  the  eleCtrofcopes  will  begin,  and  keep 
gradually  increafing,  according  as  the  atmofphere  of  the  glafs-tube 
gradually  ceafes  to  aCt  upon  the  conductor  :  in  the  fpace  between 
4  Band  SB,  to  which  the  reprelfing  atmofphere  (according  to 
our  fuppofition)  cannot  reach,  the  eleCtrofcopes  will  diverge  uni¬ 
formly,  in  confequence  of  the  excefilve  fire  which,  as  has  been 
above  oblerved,  will  be  uniformly  maintained  on  that  part  of  the 
conductor.  It  indeed  fhould  feem,  that  the  eleCtrofcopes  ought 
to  begin  to  diverge  gradually  the  one  more  than  the  other,  from  the 
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fir  ft  point  A,  to  the  very  place  of  equilibrium  (which  is  the  middle 
point  between  2  B  and  3  B),  but  really  in  the  whole  interval 
between  2  B  and  3  B,  no  difference  between  the  divergences  of 
the  eledtrofeopes  can  be  obferved  ;  the  oppofition  of  the  one 
force  againft  the  other,  being  in  that  whole  fpace  too  inconfider- 
able  to  produce  any  fenfible  decreafe  in  the  divergence  of  the 
eledtrofeopes.  To  the  above  obfervations  we  may  add,  that  the 
equipoife  between  the  whole  uniform  preffure  that  takes  place 
upon  the  fpace  4B  8B,  and  the  fu m  of  all  the  unequal  preffures 
effedted  by  the  different  parts  of  the  unequally  efficient  atmo- 
fphere,  on  the  fpace  A  4  B,  may  very  well  be  compared  to  the  equi¬ 
poife  by  which  water  raifed  within  a  pail  by  ftones,  keeps  its 
level,  and  balances  itfelf  with  the  numerous  different  preffures 
effedled  within  it,  by  the  ftones  which  are  fucceffively  made  to 
raife  it  to  different  degrees  of  height.  VII.  That  afterwards  when 
the  eledtrified  tube  is  removed,  all  eledtricity  vanifhes  (no  part  of 
the  eledlricity  from  the  glafs,  we  have  obferved,  could  get  into  the 
conductor)  is  a  plain  and  neceffary  circumftance  :  the  whole  fire 
that  was  kept  back  from  the  part  of  the  condudtor  immerfed  in 
the  atmofphere,  and  had  retired  to  the  other  part  upon  the  fur- 
face  of  which  it  was  kept,  falls  back  into  its  natural  place,  as  foon 
as  the  driving  force  is  removed. 

47 J*  I  now  prefent  the  eledtrified  tube  perpendicularly  under 
4  B,  that  is,  under  the  middle  point  of  the  whole  condudtor  A  8  B  j 
when  I  find  that  the  divergence  by  deficiency  of  the  eledtrofeopes 
does  not  extend  farther  than  a  foot  and  an  half  on  each  fide  of  the 
point  4  B,  that  is,  from  4  B  to  the  middle  point  between  2  B  and  3  B, 
on  the  one  fide,  and  to  the  middle  point  between  5  B  and  6  B,  on 
the  other.  II.  I  prefent  the  eledtrified  tube  under  the  extremity 
A  of  the  fecond  condudtor  A4B,  and  the  divergence  by  deficiency 
does  not  now  extend  farther  than  a  foot  and  an  half  from  A  ;  that 
is,  than  the  middle  point  between  1  B  2  B. 

472.  I.  I  now  prefent  the  tube  under  the  middle  point  2  B  of  the 
tame  fecond  condudtor  A4B,  when  I  find  that  the  divergence  by 
deficiency  of  the  eledtrofeopes  only  extends  to  one  foot  -,  that  is, 
to  i  B  on  the  one  fide,  and  to  3  B  on  the  other.  II.  I  prefent 
the  tube  under  the  extremity  A  of  the  third  condudtor  A  2  B, 

and 
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and  the  divergence  by  deficiency  only  extends  to  one  foot,  from  A 

to  1  B. 

473.  I  prefent  the  tube  under  the  middle  point  of  the  fame 
third  conductor  A  2  B;  and  the  divergence  by  deficiency  of  the  elec- 
trofcopes  does  not  reach  even  to  one  half  part  of  an  interval.  II. 
I  prefent  the  fame  under  the  extremity  A  of  the  fourth  conductor 
A  1  B;  and  I  likewife  find  that  the  divergence  by  deficiency  does 
not  extend  even  to  an  half  part  of  the  length  of  the  conductor. 
But  in  all  thefe  different  operations  I  find,  that  in  order  to  produce 
the  fame  degree  of  divergence  in  the  firft  eleCtrofcope  A  of  each 
conductor,  the  tube  muff  be  brought  nearer  to  the  conductor,  ac¬ 
cording  as  the  latter  is  fhorter. 

474.  The  reafon  of  this  is,  that  when  the  electrified  tube  is 
brought  equally  near  to  the  extremities  A  of  all  the  conductors  in- 
difcriminately,  its  atmofphere  occupies  a  proportionally  greater  part 
of  thofe  conductors  which  are  fhorter,  and  alfo  occupies  the  fimi- 
3ar  parts  of  them  with  proportionally  more  efficient  parts  of  itfelf. 
Therefore,  in  the  fhorteft  conductors,  the  eleCtric  atmofphere  pro¬ 
duces  with  its  outmoft  parts,  a  refinance  proportionably  fuperior 
to  the  effeCt  it  endeavours  to  produce  with  its  firft  parts.  With  its 
firft  parts  it  endeavours  to  drive  into  the  fubftance  of  the  con¬ 
ductor  the  natural  fire  which  is  diffufed  over  the  furface  of  the 
fame  near  the  extremity  A;  but  then  its  actually  producing  fuch 
an  effeCt,  intirely  depends  on  the  poffibility  there  is,  both  that  an 
equal  quantity  of  natural  fire  may  be  driven  from  the  infide 
of  the  conductor,  and  that  it  may  accumulate  on  the  furface  of  it  near 
B.  Now,  as  thofe  fucceffive  parts  of  the  atmofphere  of  the  glafs 
tube  which  extend  to  the  extremity  B,  are  the  more  efficient  in 
proportion  as  the  conductors  are  fhorter,  they  repel  the  more 
firongly  the  fire  which  the  firft  parts  of  this  fame  atmofphere  en¬ 
deavours  to  make  fpring  out  of  the  fpot  on  which  they  aCt;  and, 
therefore,  oppofe  the  more  the  immediate  effeCt  which  that  firft 
part  endeavours  to  produce  in  the  vicinity  of  A. 

475.  Let,  therefore,  the  tube  be  brought  nearer  to  the  fhorter 
conductors  •,  it  is  true  their  extremity  near  B,  will,  by  that  means,  be 
immerfed  in  a  more  efficient  part  of  the  atmolphere  than  before;, 
but  fince  the  efficiency  of  fuch  atmofphere,  undoubtedly  increaies 
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after  a  greater  ratio  than  the  fimple  inverfe  ratio  of  the  diftance  of 
the  center  of  the  faid  atmofphere,  the  confequence  of  the  tube 
being  thus  brought  nearer,  will  be,  that  the  efficiency  of  that 
part  of  the  atmofphere  which  will  furround  the  condudor  near 

A,  will  have  increafed  in  a  much  greater  proportion  than  the 
efficiency  of  that  part  which  will  furround  B,  can  have  done; 
the  effect  of  the  bringing  the  tube  nearer  to  the  condudor,  will 
therefore  caufe  the  efficiency  of  the  firft  parts  of  the  atmofphere  to 
furmount  the  fooner  the  refinance  oppofed  by  the  following 
parts  of  it;  this  efficiency  will  be  able  to  make  the  eledric  lire 
fpring  from  fuch  places  of  theffiorter  condudors,  for  inftance,  from 

B,  as  can  yet  give  no  fire,  or  very  little  of  it,  in  longer  condudors, 
or  even  ftill  admit  the  fire  which  is  driven  into  them.  In  confe¬ 
quence,  therefore,  of  the  tube  being  placed  nearer  the  condudors, 
in  proportion  as  they  are  ffiorter,  the  place  of  equilibrium  will 
draw  proportionally  nearer  to  A  ;  and  the  two  feries  of  contrary 
divergences,  that  of  divergence  by  deficiency,  and  that  of  diver¬ 
gence  by  excefs,  will  converge  the  more  rapidly,  and  with  the 
more  exadnefs,  towards  this  point  of  equilibrium. 

If  it  were  poffible  to  bring  the  above  experiments  to  a  fufficient 
degree  of  accuracy,  a  vaft  field  would  be  opened  here  for  Geometry 
to  exercife  itfelf.  But  I  have  proceeded  as  far,  I  think,  as  the  fub- 
jed  of  this  work  can  admit. 

476.  From  what  has  been  faid,  everybody  furely  underfiands, 
that  if  the  condudor  be  Hill  more  ffiortened,  and  every  way  lef- 
fened,  it  will  at  laft  be  wholly  furrounded  by  parts  of  an  eledric  at- 
moiphere,  that  will  be  very  nearly  equal  to  each  other  in  point  of 
efficiency;  io  that  as  long  as  it  will  remain  infulated,  no  fenfible 
excefs  or  deficiency  will  be  manifefied  around  it.  This  is  the  cafe 
with  a  firipe  of  gold-leaf  infulated  with  a  very  dry  thread  of  filk, 
and  immerfed,  for  inftance,  in  the  atmofphere  of  the  Chain  :  the 
fire  within  it  remains  unmoved,  and  we  may  fay  equally  repelled 
from  every  fide;  and  it  is  only  when  I  prefent  my  finger  to  it, 
that  the  tenfion  of  the  exceffive  fire  of  the  atmofphere,  drives  the 

natuial  fire  of  the  ftripe  towards  the  finger,  where  fuch  tenfion  is 
weakened  by  it. 

477.  But 
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477.  But  if  the  body  immerfed  in  the  atmofphere  be  of  any 
confiderable  length  and  annexed  to  an  infulating  body,  fo  that 
this  atmofphere  may  give  fome  fire  to  it,  or  draw  fome  fire  from 
it,  fuch  body  will  move,  be  attracted,  and  then  repelled,  as  often 
as  it  will  be  prefented  to  the  electrified  body  that  actuates  this  at¬ 
mofphere.  To  explain  this,  I  will  alledge  the  example  of  the  threads 
of  the  fcrutator  E  (PL  VII.  fig.  1.)  Iprefent  them  obliquely  to 
a  conductor  (Y,  PI.  I.  fig.  1.)  and  they  are  attracted  by  it: 
this  is  becaufe  the  atmofphere  of  the  conductor  can  then  drive  fome 
natural  fire  from  the  extremities  of  the  threads  which  are  prefented 
to  it,  towards  the  other  extremities  which  are  contiguous  to  the 
fealing-wax.  I  now  prefent  the  fame  threads  to  the  conductor  in  a 
lateral  fituation  fiill,  but  fomewhat  underneath,  and  they  are  repelled 
by  it;  the  reafon  of  this  repulfion  is,  that  as  the  lump  of  fealing- 
wax  has  become,  in  the  prefent  fituation  of  the  fcrutator,  im¬ 
merfed  in  the  atmofphere  of  the  conductor,  fome  fire  is  driven 
from  it  by  that  atmofphere,  into  thofe  parts  of  the  threads  which 
are  near  the  wax,  and  they  become  in  confequence  of  this,  eleCtric 
by  excefs. 

478.  Since  I  have  mentioned  here  the  fcrutator,  I  fhall  by  its 
means  examine  into  fome  other  feeming  irregularities  (in  reality 
there  is  no  irregularity,  their  appearance  can  only  proceed  from 
our  ignorance)  that  take  place  in  fome  extremely  complicated  mo¬ 
tions  of  the  threads  of  that  infirument,  efpecially  when  I  ufe  it 
in  order  to  try  the  electricity  of  the  eleClric  well.  I.  Let  the  well 
A  (PI.  VII.  fig.  5.)  be  electrified  by  excefs,  and  the  fcrutator  not  be 
electrified  at  all.  If  I  lower  the  latter  along  the  axis  or  middle  of  the 
well,  the  two  curves,  exprefied  in  the  figure,  indicate  the  line 
traced  by  the  firipes  of  paper  in  their  way  down  the  well  ;  that  is 
to  fay,  when  thofe  firipes  begin  to  be  immerfed  in  the  atmo¬ 
fphere  of  the  well,  they  begin  with  diverging,  becaufe  the  atmo¬ 
fphere  of  the  well  then  drives  the  natural  fire  of  the  threads  up  to 
the  fealing-wax.  But  as  the  threads  are  immerfed  lower  and 
within  a  gradually  more  aCtive  part  of  the  atmofphere,  their 
divergence  increafes  ;  if  they  are  lowered  fiill  more,  they  ma- 
nifeft  a  kind  of  tendency  to  move  upwards,  as  if  drawn  by  the 
eleClricity  of  the  upper  part  of  the  well  ;  but  fo  loon  as  they  are 
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carried  to  a  certain  degree  of  depth,  they  fall  :  the  reafon  of  all 
thefe  accidents  is,  that  the  atmofphere  which  is  diffufed  around  the 
fides  of  the  well,  is  now  enabled  by  the  fituation  of  the  threads 
to  drive  downwards  the  excels  that  has  gathered  near  the 
fealing-wax;  therefore,  as  foon  as  that  excefs  has  returned  to  its 
former  place,  the  threads  fall,  and  continue  to  defcend  fo  far  as 
to  the  bottom  of  the  well,  without  any  farther  motion  or  di¬ 
vergence. 

479.  Let  both  the  threads  of  the  fcrutator  and  the  well  be 
electrified  alike,  for  infiance,  by  excefs  (PI.  VII.  fig.  6.).  Ufual- 
iy  in  the  aCt  of  immerfion  into  the  atmofphere  of  the  well,  the 
threads  are  repelled  and  thrown  back  upwards,  as  being  fimilarly 
electrified  with  the  well  ;  but  when  they  come  to  be  actually 
immerfed  into  the  well  itfelf,  they  are  fomewhat  attracted  by  its 
tides,  becaufe  the  atmofphere  of  the  well  being  very  ftrong,  in¬ 
troduces  a  change  into  the  fituation  of  the  fire  in  thofe  threads, 
which  it  drives  up  to  the  wax.  At  a  certain  inconfiderable  depth 
in  the  well,  the  excefs  from  the  fides  fo  difpofes  and  equili¬ 
brates  the  excefs  in  the  threads,  that  no  divergence  takes  place. 
Below  fuch  place,  the  threads  refume  the  fame  divergence  which 
they  had  in  confequence  of  their  own  excefs  before  they  entered 
either  the  well  or  its  atmofphere,  becaufe  they  then  have  reached 
a  place  where  no  atmofphere  is  exerted. 

480.  Let  the  threads  of  the  fcrutator  and  the  well  be  contrarily 
electrified.  When  the  threads  begin  to  be  immerfed  into  the 
contrary  atmofphere  of  the  well,  they  diverge  from  each 
other,  and  manifeft  a  kind  of  tenfion  ;  when  they  are  im- 
merfed  into  the  well  itfelf,  they  are  laterally  attracted  by  the 
fides  of  it,  confequently  diverge  to  a  very  great  degree.  Lafily, 
in  the  bottom  of  the  well,  where  no  atmofphere  befides  their 
own  is  exerted,  they  refume  that  degree  of  divergence  which, 
they  derive  from  their  own  eleCtricity. 

481.  But  let  us  return  to  our  experiments  with  the  conductors 
mentioned  above.  Before  I  prefent  the  rubbed  glafs  under  the  ex¬ 
tremity  A  of  the  conductor  A  8  B,  I  take  care  to  introduce  a 
Imall  excefs  into  the  latter,  and  all  the  eleCtrofcopes  diverge  ac¬ 
cordingly.  Approaching  then  the  rubbed  tube  to  this  conductor, 
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I  obierve  that  the  fi rft  eledrofcope  in  A  Iofes  its  whole  diver¬ 
gence  by  excels  ;  then  the  fecond  alio  Iofes  its  own;  then  the 
third,  then  the  fourth,  &c.  fo  far  for  indance  as  the  mark  i  B, 
to  which  the  place  of  the  equilibrium  is  brought  in  this  experi¬ 
ment,  whereas  it  formerly  flood  farther,  between  2  B  and  3  B, 
Then  the  fird  eledrofcopes  begin  again  to  diverge,  but  by  de¬ 
ficiency;  and  the  divergence  by  excefs  of  the  remotefl  ones,  at  the 
lame  time  increafes. 

482.  If  1  experiment  after  the  fame  manner  with  the  other  lef- 
fer  conductors  a  a  2  B,  a  1  B;  that  is,  if  I  prelent  under 
them  the  rubbed  tube,  after  I  have  introduced  into  them  fome 
excefs,  the  fame  effeds  refult  in  them  that  I  have  above  defcrib- 
ed  ;  in  all,  the  eledrofcopes  in  the  vicinity  of  a>  at  lad  manifeft  a 
divergence  by  deficiency  ;  in  all,  th q  place  of  equilibrium  is  found 
to  be  nearer  the  extremity^  than  it  was  before;  and,  in  all,  the 
eledricity  by  excefs  of  the  farthermod  eledrofcopes  is  increafed; 
but  with  this  circumftance  which  mud  be  taken  notice  of,  viz.  that 
when  the  condudors  are  fhorter,  the  rubbed  tube  muff,  in  order 
to  produce  the  above  effeds,  be  brought  nearer  to  a . 

483.  But  if  I  make  afterwards  one  of  the  above  condudors 
communicate  with  the  Chain,  animated  with  a  flrong  eledricity, 
then  the  glafs  tube  can  no  longer  deflroy  the  divergence  by  excefs 
of  the  neareft  eledrofcopes,  much  lefs  introduce  at  lad  into  them  an 
eledricity  by  deficiency  and  then  attrad  them  ;  but  the  drong 
adive  excefs  which  is  now  exerted  around  thofe  eledrofcopes, 
maintains  its  ground,  and  their  threads  continue  to  fly  from  the 
glafs  tube. 

484.  All  the  experiments  above  defcribed  mud  indeed  appear 
furpriling,  if  we  confider  that  they  exhibit  an  indance  of  two  con¬ 
trary  eledricities  combined  together,  as  well  as  of  a  place  where 
there  is  none,  on  one  and  the  fame  body.  But  our  furprize  will 
increafe  dill  more,  if  we  carry  farther  our  experiments  on  thisfub- 
jed,  Ance  we  diali  find,  that  we  may  both  draw  fire  from  one  part 
of  a  body  which  has  only  its  natural  quantity,  or  even  is  deficient, 
and  give  this  fire  to  the  other  part  of  the  fame  body,  which  has 
more  than  its  natural  quantity.  In  fad,  I.  If  while  I  hold  the 
rubbed  tube  under  one  of  the  condudors,  a  perfon  prefents  his  finger 
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either  to  the  place  where  the  eledtrofcopes  diverge  by  excels,  or 
to  that  where  they  do  not  diverge,  or  alfo  to  that  where  they  di¬ 
verge  by  deficiency,  in  all  thofe  places  he  will  draw  off  a  fpark. 
II.  In  confequence  of  this  drawing  off  a  fpark,  the  divergence  by 
deficiency  of  the  eledtrofcopes  in  the  vicinity  of  A  will  increafe, 
and  be  extended  to  fome  farther  eledtrofcopes  beyond  them;  but 
all  divergence  by  excefs  in  the  farthermoft  eledtrofcopes  will 
ceafe.  III.  And  if  in  fuch  fiate  of  things  I  remove  the  tube,  a 
fmall  divergence  by  deficiency  immediately  takes  place  in  all  the 
eledtrofcopes  of  the  whole  condudtor. 

485.  The  above  accidents  may  be  eafily  underfiood,  if  wx 
confider,  that  the  excefs  which,  in  confequence  of  the  preflure 
of  the  atmofphere  of  the  rubbed  tube,  is  maintained  on  the  fur- 
face  of  the  conductor  beyond  the  place  of  equilibrium,  folicits 
every  particle  of  fire  within  that  part  to  fpring  out  ;  and  as  the 
finger,  wherever  it  be  prefented,  leflens  the  refifiance  from  the 
ambient  air,  which  keeps  (as  we  fhall  fee  more  explicitly  in  the 
following  chapter)  fuch  fire  from  actually  fpringing  out,  it  fol¬ 
lows,  that  a  certain  quantity  of  it  muft  now  be  thrown  from  the 
conductor,  &c. 

486.  If  all  the  above  experiments  are  repeated  by  prefenting  a 
flick  of  fealing-wax,  or  an  oiled  fiick,  to  the  condudtor,  infiead 
of  a  glals  tube,  all  the  fame  phenomena  will  take  place,  but 
with  contrary  motions  of  the  eledtric  fire.  I.  The  deficiency  ex¬ 
cited  on  the  furface  of  fuch  flicks  will  excite  a  deficient  atmo- 
jphere  in  the  ambient  air.  Hence  the  natural  fire  diffufed  in  it 
will  grow  relaxed  around  the  furface  of  the  flicks;  it  will  raife 
an  exceffive  electricity  on  the  nearefi  part  of  the  conductor  to 
which  it  is  prefented,  and  eaufe  the  fire  diffufed  on  the  farther- 
mod  furface  of  it,  to  flow  back,  and  come  to  accumulate  itfelf  on 
the  faid  nearefi  part.  II.  Thence  will  refult  on  this  nearefi  part  a 
divergence  by  excefs  ;  in  the  farthermoft  part,  a  divergence  by  de¬ 
ficiency;  and,  in  its  proper  place,  an  equilibrium.  III.  The  fiick 
being  kept  under  the  extremity  A  of  the  conductor,  and  a  finger 
being  prefented  to  any  part  of  it,  a  fpark  will  be  thrown  into  the 
conductor..  1  he  eaufe  of  this  is,  firft,  that  every  particle  of 
natural  fire  within  the  condudtor,  is  folicitcd  to  move  towards. 
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the  farthermoft  part  of  it,  in  order  to  fill  up  its  deficiency.  The  pro¬ 
perty  of  all  deferent  bodies,  of  conftantly  preferving  the  fame  quan¬ 
tity  of  fire,  prevents  any  fire  from  rufhing  into  the  conductor  ; 
but  when  a  firange  body  is  prefented  to  this  condu&or,  as  much 
fire  runs  to  it,  as  can  be  admitted  ;  and  this  fire  fupplies 
the  deficiency  at  the  other  end  of  the  condu&or.  IV.  Therefore,  the 
divergences  on  the  farthermoft  part  of  the  conductor,  will  be  fup- 
preffed  in  the  fame  manner  as  thofe  by  excefs  were,  in  the  former 
experiment;  the  contrary  divergences  on  the  neareft  parts  of  the 
conductor  will  increafe  alfo  in  a  like  manner,  in  a  like  manner  the 
place  of  equilibrium  will  change,  &c. 

487.  We  may  obferve,  that  thefe  experiments  made  on  unmov¬ 
ed  ele&ric  atmofpheres,  applied  or  prefented  to  deferent  bodies, 
may  be  varied  ad  infinitum.  I.  By  varying  the  fhape  and  the  ca¬ 
pacity  ot  thefe  bodies  ;  to  which  they  are  applied.  II.  By 
varying  the  nature  of  the  unmoved  atmofphere,  fince  it  may  be  ac¬ 
tuated  either  by  an  excejjive ,  or  a  deficient  ele&ricity.  III.  By  vary¬ 
ing  the  fiate  of  |the  fame  deferent  bodies;  thus  they  may  be  eledtrified 
before  hand,  either  by  excefs,  or  by  deficiency,  more  or  lefs  ftrong- 
ly.  Again,  if  they  have  no  electricity,  they  may  or  may  not  be 
infulated.  IV.  By  varying  the  difiance  at  which  the  unmoveable 
atmofphere  is  prefented  to  them.  By  applying  either  jointly  or 
fuccefiively,  two  or  more  fuch  unmoved  atmofpheres,  whether 
homologous  or  contrary,  to  divers  places  of  thofe  bodies.  But 
every  body  may  fee,  that  to  dwell  on  all  thefe  different  com¬ 
plicated  cafes  would  be  infinite,  and  even  fuperfiuous,  fince  the 
fimple  ones  above  explained  may  afford  a  folution  for  them  all. 

488.  Nay,  from  the  above  fadts  and  reafonings,  we  may  fore¬ 
fee  what  the  cafe  would  be,  if  two  atmofpheres  both  moveable , 
vrere  made  to  unite  together.  I  take  a  tube  made  of  tin,  infulated 
on  a  long  handle  of  fealing-wax  (Pi.  V.  fig.  1.)  equal  in  every  re- 
fpect  to  the  part  A  3  B  (PI.  VIII.  fig.  8.)  of  the  whole  condudlor 
A  8  B,  let  us  therefore  call  it  a  ;  b.  I  eledtrify  it  by  excefs  with 
the  hook  of  a  bottle,  and  place  it  near  the  part  A  3  B  of  the  con¬ 
ductor  A  8  B,  fo  that  their  fides  are  parallel,  and  only  three  inches, 
diftant  from  each  other.  L  The  ele&rofcopes  in  A  3  B,  along 
the  fide  of  a  3  b,  manifefi  a  divergence  by  deficiency.  II. 
This  divergence  by  deficiency  foon  ieifens,  and  then,  vamfiies 
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in  all  that  part  of  the  condudor  A  8  B,  which  lies  beyond  A3  B; 
that  is,  beyond  that  part  to  which  a  3  b  correfponds.  III. 
Then  the  ekdrofeopes  in  4B  begin  to  (hew  a  divergence  by  ex- 
cefs  ;  and  the  following  ones  in  5  B,  6  B,  7  B,  8  B,  likewife  ma- 
nifeft  an  exceflive  electricity,  which  is  fumewhat  greater  than  that 
manifefled  by  the  former,  and  befides  is  uniform  throughout. 

489.  Thefe  phenomena  are  of  the  fame  kind  as  thofe  which 
take  place  when  the  unmoveable  atmolphere  of  the  rubbed  glafs 
tube  is  brought  under  the  extremity  A  of  the  conductor  A  8  B, 
and  have  a  fimilar  caufe.  I.  The  moveable  exceflive  atmofphere 
of  the  conductor  a  3  B,  drives  the  natural  fire  from  the  furface  of 
the  other  condudor  A  b  B  into  the  fu h Ranee  of  the  fame,  and 
forces  an  equal  quantity  of  tire  to  iffue  and  keep  out  on  its  fur- 
face,  in  the  part  4  B  8  B.  II.  The  addon  of  fuch  excefs  againft 
the  prefTurc  of  the  atmofphere,  produces,  in  a  certain  place  fome- 
where  beyond  4  B  8  B,  a  place  of  equilibrium,  &c. 

490.  There  are,  however,  a  few  differences  between  the  lat¬ 
ter  experiment  and  the  former  ones,  which  mu  ft  be  taken  notice 
of.  I.  The  moveable  atmofphere  of  the  conductor  a  b ,  remains 
applied  to  A  3  B,  by  parts  of  itfelf  which  are  equally  diftant  from 
the  fame  a  3  B,  that  is  to  fay  from  the  body  by  which  it  is  ac¬ 
tuated,  and  which  are  therefore  equally  efficient  throughout,  fo 
that  it  leems  that  an  uniform  deficiency  ought  to  take  place  all 
over  A  3  B  ;  but  as  the  feveral  parts  of  the  atmofphere  of  a  3  B, 
co-operate  and  ad  with  more  force  about  the  middle  of  it  than  at 
either  of  its  extremities,  they  create  both  a  greater  divergence, 
and  a  greater  attradion  in  the  eledrofeopes  lituated  in  that  part, 
than  in  thofe  at  the  extremities.  II.  The  moveable  atmofphere 
of  the  condudor  a^b,  ought,  it  feems,  in  confequence  of  its  pa¬ 
rallel  pofition,  exert  a  very  great  efficiency  in  driving  the  natural 
fire  from  the  correfpondei  t  furface  of  A  3  B  ;  but  yet,  as  it  of 
itfelf  poffeffes  much  lefs  adivity  than  the  rubbed  glafs  tube,  it 
cannot  reach  to  fo  great  a  diftance  as  the  latter  does;  hence  the 
place  of  the  equilibrium  ftands  no  farther  than  between  3  B  and 
4  B,  very  near  the  extremity  3  b  of  the  condudor  a  3  b  ;  the  diver¬ 
gences  by  excefs  from  4B  to  8  B,  are  alfolefs  confiderable,  &c. 

491.  If  I  previoufly  introduce  a  certain  degree  of  excefs  into 
A  8  B,  I  find,  that  the  divergences  on  its  part  A  3  B,  are  lefs, 
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when  the  condudor  a  3  b  comes  to  be  prefented  to  it,  than  they 
were  before;  the  place  of  the  equilibrium  lies  ftill  nearer  to 
a  3  B,  and  the  divergences  by  excels  in4B8B  are  greater  than 
formerly.  The  reafon  is,  that  the  excefs  previoufly  introduc¬ 
ed  into  the  whole  condudor  A  8  B,  prevents  fo  great  a  defi¬ 
ciency  as  that  before  from  taking  place  in  the  part  of  it  A  3  B  ; 
and,  in  the  meanwhile,  as  the  fum  of  the  excefs  in  4B,  nowcon- 
fifts  both  of  the  excels  that  has  been  introduced  into  it  at  fir ffc,  and 
of  that  which  has  been  driven  into  it  from  A  3  B,  it,  of  courfc,; 
proves  greater  in  this  experiment  than  it  did  in  the  former. 

492.  If  the  conductor  a  3  b  be  placed  near  the  condudor  A  3  B, 
when  a  deficiency  has  been  introduced  into  the  latter,  the  diver¬ 
gences  by  deficiency  will  become  greater  ;  the  deviation  of  the 
eledrofcopes  towards  the  conductor  a  3  b  will  likewife  be  greater  ; 
the  place  of  the  equilibrium  will  be  removed  farther  off  beyond 
3  B,  and  the  divergences  by  excefs  in  4  B  8  B  will  be  proportion¬ 
ally  lefs  than  before,  or  even  there  may  be  none. 

493-  If  in  each  of  thefe  cafes  the  condudor  a^b  be  moved- 
along  A  3  B,  keeping  all  the  while  its  parallel  pofition  with  re- 
fped  to  it,  the  divergences  by  deficiency  will  follow  the  con¬ 
dudor  a  3  b  in  its  progrels,  and  at  each  end  of  it  there  will  now 
be  a  diftind  place  of  equilibrium ,  which  will  be  accompanied  by  a 
place  of  divergence  by  excefs. 

494.  If,  in  each  of  the  above  experiments,  the  eledricity  of  the 
condudor  a  3  br  or  alfo  that  in  the  condudor  A  3  B,  be  inverted, 
the  fame  phenomena  will  take  place,  but  after  a  contrary  manner, 
conformably  to  what  has  been  explained  above. 

495.  Univerfally  ;  fince,  when  an  atmofphere  of  a  given  kind 
is  prefented  to  a  body  animated  by  an  eledricity  of  the  fame  kind,, 
the  eledrofcopes  annexed  to  that  body  both  lofe  their  divergence, 
and  tend  to  acquire  a  contrary  one,  fo,  when  an  atmofphere  of  a. 
given  kind  is  prefented  to  a  body  impregnated  with  a  contrary  elec¬ 
tricity  to  its  own,  the  eledrofcopes  of  the  latter  tend  to  increafe 
their  former  divergence,  or  tenfion  ;  becaufe,  in  this  cafe,  the  at¬ 
mofphere  of  the  body  we  fuppofe,  endeavours  to  increafe  that  con¬ 
trary  eledricity  with  which  it  now  meets. 
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496.  I  fay  divergence,  or  tenfion  :  in  order  to  explain  this,  I 
mud  remind  the  reader  of  this  principle,  that  bodies  fimilarly  elec¬ 
trified  repel  each  other ,  and  bodies  contrarily  eledlrfied  attradl  each 
other.  Therefore,  when  1  prefent  the  rubbed  tube  to  the  eleCtro- 
icope  A  of  the  conductor  A  8  B,  which  is  electrified  in  the  fame 
manner  with  it,  the  firft  motion  of  this  eleCtrofcope  is  always  to  fly 
back  ;  though,  it  is  to  be  obferved,  fuch  motion  is  fhorter  in  pro¬ 
portion  as  the  eledtricity  previoufly  introduced  into  A  8  B  is  lefs, 
and  as  the  capacity  of  this  fame  A  8  B,  beyond  the  limits  of 
the  atmofphere  of  the  rubbed  tube  is  greater  ;  the  reafon  is,  that 
in  the  latter  cafe,  the  electricity  in  A,  of  the  conductor  A  8  B, 
which  occalions  the  above  motion,  is  the  fooner  diflipated  by  the 
atmofphere  of  the  glafs  tube,  and  the  fooner  alfo  turned  into  a 
deficiency;  fo  that  the  eleCtrofcope  may  be  already  attract¬ 
ed,  nay,  may  be  already  electrified  by  deficiency,  though  it 
has  not  had  fufiicient  time  to  appear  fenfibly  repelled,  and 
to  fall  gradually  when  lofing  its  divergence  by  excefs  :  in  order, 
therefore,  to  he  able  to  difcern  the  inftant  of  fuch  a  material 
change  as  that  which  takes  place  in  this  eleCtrofcope,  the  rubbed 
tube  mutt  be  prefented  to  the  conductor  A  8  B,  from  a  confider- 
able  diflance,  and  very  flowly.  Again,  if  the  weather  be  very 
favourable  and  dry,  and  if  the  eleCtrofcopes  are  made  with  very 
dry  th  reads,  a  new  accident  will  take  place,  of  which  I  mufl  in¬ 
form  the  reader,  which  is  that  the  cork-balls  will  at  firft  fly  to  the 
conductor;  the  reafon  is,  becaufe  the  rubbed  tube  will  have 
introduced  a  deficiency  into  the  very  deferent  conductor,  before 
the  dry  threads  can  have  had  time  to  lofe  their  own  excefs; 
whence  the  cork-balls,  being  fiill  electrified  by  excefs,  will  at  firfh 
run  to  the  conductor,  which  has  already  become  fo  by  defi¬ 
ciency. 

497.  Now,  with  regard  to  the  tenfion  of  the  threads,  which 
I  began  to  mention,  I  obl'ervc,  that  as  foon  as  this  tenfion  takes 
place,  it  is  a  fure  fign  of  their  electricity  being  turned  into  a  con¬ 
trary  one.  As  long  as  there  remains  in  the  eleCtrofcopes  any  elec¬ 
tricity  homologous  to  that  which  produces  the  atmofphere  around 
them,  the  faid  eleCtrofcopes  proportionally  fly  back  (they  always 

fly 


ARTIFICIAL  ELECTRICITY. 


217 

f!y  back  when  their  own  homologous  electricity  cannot  be  driven 
away,  either  on  account  of  its  intenfity,  or  for  want  of  a  capacity 
into  which  it  may  lofe  itfelf)  and  alio  proportionally  diverge.  Af¬ 
terwards,  in  the  inffant  when  there  remains  no  electricity  whatever 
In  the  eieCtrofcopes,  the  threads  of  the  fame  naturally  hang  fonie- 
what  fhrunk  in  and  contracted,  as  hanging  threads  generally  do. 
But,  laftly,  when  the  furrounding  atmofphere  now  begins  to  in¬ 
troduce  into  the  eieCtrofcopes  an  electricity  contrary  to  that  which 
they  had  at  firft,  then  the  threads  begin  to  be  proportionally  di¬ 
rected  to  the  body,  from  which  this  atmofphere  fprings  ;  and  they 
do  this  with  fuch  a  degree  of  tenfion,  as  makes  them  lofe  their 
tortuous  appearance.  Whence  it  happens,  that  they  indeed  both 
diverge  from  each  other,  in  confequence  of  their  being  again  ani¬ 
mated  by  the  fame  kind  of  eleCtricity;  but,  it  is  to  be  obferved, 
that  this  divergence  is  leffened  by  their  common  tendency  towards 
the  rubbed  glafs,  which  now  attracts  them  ;  fo  that  the  whole 
intenfity  of  their  eleCt ricity  is  not  to  be  eftimated  from  the  degree 
of  their  divergence  only,  but  in  order  to  value  it  with  accuracy» 
account  mult  alfo  be  had  of  the  faid  tendency. 

498,  Every  one  who  knows  how  important  it  is  in  experiments 
on  natural,  and  much  more  on  artificial,  EleCtricity,  accurately  to 
diftinguilh  the  different  changes  of  an  electricity  into  a  contrary 
one,  will  not,  I  am  certain,  think  that  I  dwell  here  upon  too  mi¬ 
nute  objeCts.  However,  I  now  proceed  to  deduce,  from  what  has 
been  faid  on  the  reciprocal  aCtions  of  eleCtric  atmofpheres,  a  more 
exaCt  determination  of  a  principle,  which  is  of  the  greateff 
importance  in  EleCtricity  ;  I  call  it  the  principle  of,  both  the  equili¬ 
brium,  and  the  motion,  of  the  eleclric  fre . 


F  f 


C  H  A  P. 


ARTIFICIAL  ELECTRICITY. 


C  H  A  P.  IV. 

On  the  duration  of  elettric  atmofpheres ,  and  on  the  fiate  of  elettncity 
in  air  'which  is  continually  renewed.  More  complete  principles  with 
refpett  to  the  equilibrium  and  the  motion  of  the  fire.  On  the  general 
motion  of  the  electric  fire  contained  in  a  bodyy  towards ■  that  place 
whence  a  fpark  is  drawn  ;  and  on  a  certain  curvature  which  takes 
place  in  this  fpark ,  in  confequence  of  this  fame  motion ,  the  law  of 
which  is  afcer tabled. 

499*  Franklin  has  often  found,  that  after  turning 

round  over  his  head,  more  than  one  hundred  times, 
an  electrified  cork-ball,  the  fame  ftill  poffeffed  a  degree  of  electri¬ 
city.  Mr.  Kinnerfley  (Franklin,  p.  3 84.)  communicated  fome 
electricity  to  another  perfon,  by  throwing  him  his  hat.  I  have 
often  tried  to  eleCtrify  with  a  glafs  tubethofe  long  iron  wires  with, 
which  I  ufe  to  examine  the  eleCtrical  fiate  of  the  atmofphere, 
when  the  fiate  of  the  latter  was  fuch,  that  they  derived  of  themfelves 
very  little,  if  any,  electricity  from  it;  and  always  found,  that  in 
ferene  and  windy  days,  they  preferved  their  eleClricity  as  long  as  in 
ierene  and  calm  weather. 

500.  Now,  this  may  appear'a  kind  of  paradox,  that  in  air, 
which  perhaps  is  renewed  a  thoufand  times,  the  fame  attrac¬ 
tions  and  repulfions  fhould  continue  to  take  place,  as  do  in  un¬ 
changed  air;  but  the  nature  of  eleClric  atmofpheres,  which  we 
nave  before  explained,  likewife  explains  the  wonder  of  this  phe¬ 
nomenon.  The  eleClricity  of  a  body  refides  within  the  fuperfici- 
nl  pores  of  it,  and  actuates  the  ambient  air,  not  by  diffufing  it- 
leu  into  it,  but  by  exciting  either  a  tenfion  or  a  relaxation  in  the 
natural  fire  inherent  in  it  ;  therefore,  that  air,  as  foon  as  it  is  left 
(through  the  progreffive  motion  of  the  electrified  body)  behind 
tue  limit  to  which  the  aCtion  of  the  latter  extends,  recovers* 
Us  natural  fiate  :  the  air  which  takes  its  place,  in  its  turn  experi¬ 
ences  a  tenfion  (or  a  relaxation)  in  its  own  natural  fire,  in  the 
fame  manner  as  the  former  did  ;  and  thus  both  the  actuating  elettri* 
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city  in  the  body ,  and  the  adiuated  atmofphere  in  the  ambient  air ,  con- 
tinue  to  remain  the  fame,  in  the  fame  manner  -precifely  as  would 
happen,  if  the  fame  identical  air  continued  around  the  eledlrified 

5or.  But  this  propofition  with  regard  to  the  duration  both  of 
electricities,  and  eleCtric  atmofpheres,  in  renewed  air,  will  be  ren¬ 
dered  more  fimple,  by  confining  it  to  its  true  limitations.  The 
firfi:  exception  to  the  above,  propofition  is,  that  when  the  eleCtricity 
railed  in  a  body  is  extremely  ftrong  and  intenfe,  then  indeed  this 
eleCtricity,  as  well  as  the  atmofphere  of  that  body,  do  not  lafi:  fo 
long  in  continually  changed,  as  they  would  in  calm,  permanent,  air. 
I  charge  two  equal  bottles  at  once,  till  the  charge  gufhes  out  of 
the  hook  of  both,  then  I  make  one  of  them  whirl  round  over  my 
head  with  great  rapidity  ;  and,  I  find,  that  the  ftrong  exuberant 
excefs  in  it  ceafes  fomewhat  fooner  than  in  the  other  bottle  which  I 
left  unmoved.  The  reafon  is,  that,  as  the  excefs  which  difiipates 
from  the  unmoved  bottle  continues  to  meet  with  the  fame  per¬ 
manent  air,  it  cannot  but  be  in  fome  degree  retarded  ;  whereas  the 
excefs  which  difiipates  from  the  whirled  bottle,  fprings  out  of  it 
fomewhat  more  readily,  as  it  continually  meets  with  air  free 
from  any  excefs.  The  other  exception  is,  that  if  the  am¬ 
bient  air  is  not  of  itfelf  infulated  with  a  fufficient  degree  of  ex- 
sCtnefs,  the  mixture  of  a  new  quantity  of  it,  w  ill  leflen  the 
eleCtricity  of  the  bodies  within  it.  Thus,  if  I  open  both  the  window 
and  door  of  my  room,  when  the  w'eather  is  damp,  the  eleClricity 
of  my  apparatus,  however  weak  it  may  already  have  grown,  will 
abate  fiill  more  in  confequence  of  this  introduction  of  exterior 
and  new  air  into  the  room;  the  additional  vapour  brought  in,  in 
the  latter  cafe,  tnuft  neceflarily  carry  away  a  quantity  of  eleCtricity, 
befides  that  which  has  been  before  difiipated. 

502.  However,  we  may  here  obferve,  that  the  continuation  of 
the  eleCtricity  of  a  body  in  renewed  air,  (under  the  above  limita¬ 
tions)  though  it  has  hitherto  been  one  among  the  innumerable 
myfteries  of  nature,  is  now  demonftrated  to  be  no  more  than  a 
confequence  of  what  has  been  above  explained,  both  concerning 
actuating  electricities,  and  the  manner  in  which  they  operate  on 
the  atmofpheres  of  bodies. 

C03.  Avail- 
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503.  Availing  myfelf  of  the  above  knowledge,  I  fhall  now  pro¬ 
ceed  to  lay  down  a  principle  refpccling  both  the  equilibrium  and  the 
motion  of  the  elebiricfire ,  more  compreheniive  than  that  which  I 
ufed  in  former  places  to  propofe.  Hitherto  I  have  ufed  to  take  no¬ 
tice  only  of  the  expanfive  force  of  that  eledlric  fire  which  lies  dif- 
fufed  on  the  furface  of  bodies,  but  now  I  propofe  alfo  to  take  into 
con  liberation  the  adlion  which  relults  from  the  tendon  of  the  elec¬ 
tric  fire  in  the  air.  In  fadt,  fuch  tenfion  (or  adlion)  of  the  eledlric 
fre  inherent  in  the  air ,  is,  of  itfelf,  fujficient  to  alter  the  equilibrium  of 
the  pire  in  the  bodies  within  it ,  and  always  contributes  either  to  form , 
or  to  ref  ore,  this  equilibrium. 

qoq.  When  I  prefent  a  rubbed  glafs  tube  to  the  head  A  (PI. 
VIII.  fig.  8.)  of  the  brafs  condudtor  ABB,  it  is  only  the  exceffive 
tenfion  of  the  eledlric  fire  inherent  in  the  air  that  furrounbs  the 
rubbed  tube,  that  drives  the  natural  fire  from  the  extremity  A  of 
the  conductor,  towards  the  extremity  B.  When  I  prefent  to  the 
fame  condudtor  a  rubbed  fiick  of  fealing-wax,  then  it  is  the  re¬ 
laxation  of  the  fire  inherent  in  the  ambient  air,  that  makes  the  natu¬ 
ral  fire  in  the  condudtor  flow  back  from  B  towards  A  ;  therefore,  a 
fimple  alteration  in  the  tenfion  of  the  eledlric  fire  in  the  air 
(whether  the  fame  be  increafed  or  lefiened),  will  alter  the  equili¬ 
brium  of  the  fire  inherent  in  thofe  bodies  which  are  immerfed 
in  it. 

505.  And  this  fame  tenfion,  as  long  as  it  remains  in  its  natural 
degree,  contributes  to  produce  the  fame  equilibrium  of  the  eledlric 
fluid  ;  becaufe,  fince  the  alteration  of  this  tenfion  alters  the  balance 
of  the  eledlric  fluid,  and  the  alteration  of  this  balance  reciprocally 
alters  fuch  tenfion,  it  follows  that  the  equilibrium  that  takes  place 
in  the  fire  proper  to  bodies,  whenever  it  obtains,  mud  be  in 
a  great  meafure  preferved  by  the  fire  inherent  in  the  ambient  air 
around  them,  when  the  latter  likewife  pofTdTes  its  natural  de¬ 
gree  of  tenfion, 

506.  That,  afterwards,  when  the  natural  equilibrium  of  the 
fire  in  bodies  happens  to  be  altered,  it  may  be  refiored  by  the  ten¬ 
fion  oi  the  fire  in  the  air,  the  degree  of  which  is  likewife  altered, 
is  what  manifeftly  relults  from  every  experiment.  When  I  touch 
an  eledtrified  body,  I  take  from  the  fame  both  its  adluating  elec¬ 
tricity 
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tricity  and  its  atmofphere  ;  therefore,  the  pofitive  or  negative 
force  of  fuch  atmofphere  has  been  employed,  either  in  expelling 
the  exceffive  fire,  or  in  fupplying  the  deficient  one  ;  that  is  to  fay, 
the  exceffive  tenfion  of  the  fire  proper  to  the  air  around  that  body, 
has  been  employed  in  driving  off  the  fire  exuberating  in  it  ; 
or  in  the  cafe  of  a  negative  electricity,  the  relaxation,  or  de¬ 
ficient  tenfion,  of  the  fire  in  the.  air  around  the  deficient  body,  has 
facilitated  the  introduction  of  new  fire  into  it. 

50 7.  But  here  is  another  experiment,  with  which  I  ufually  alfo 
prove  the  above  mentioned  functions  of  eleCtric  atmofpheres.  With 
a  bit  of  wax  I  fatten  a  needle  on  the  tube  A  3  B  (near  2  B) 
perpendicularly  to  it;  then  I  move  the  glafs  tube,  ftrongly 
electrified,  backwards  and  forwards  in  the  vicinity  of  the  needle  ; 
this  done,  I  carry  the  rubbed  tube  near  the  conductor,  and  pa¬ 
rallel  to  it  ;  when  a  fpark  uncommonly  flrong  is  thrown  out.  If 
the  operation  be  made  by  two  perfons,  and  two  rubbed  tubes  be 
thus  prefented  to  the  conductor,  the  fpark  will  be  (till  fironger, 
and  with  regard  to  its  crack  and  light  much  refemble  that  of  the 
difcharge  of  a  bottle. 

508.  Now,  if  Jlrange  atmofpheres  can  thus  produce  fuch  un¬ 
common  fparks,  furely  the  atmofphere  i tie  1  f  proper  to  a  body, 
muff  alfo  contribute  to  excite  fparks  from  it.  The  concurrence 
of  the  atmofpheres  of  the  above  rubbed  tubes,  increafes  the  ten- 
iion  of  the  air  around  the  conductor  to  fuch  a  degree,  that  befides 
the  exuberant  fire,  it  moreover  drives  the  natural  fire  out  of  it  ;  and 
in  fad,  when,  after  exciting  the  fpark,  the  tubes  are  removed,  the 
condudor  is  found  eledric  by  deficiency.  If,  inflead  of  tubes  of 
glafs,  flicks  of  fealing-wax  are  ufed,  the  re-union  of  their  atmo¬ 
fpheres  fo  much  increafes  the  relaxation  of  the  fire  in  the  air  around 
the  condudor  ;  that,  befides  the  deficient  fire,  even  exceffive  one  runs 
to  its  furface,  fo  that,  the  flicks  being  removed,  the  tube  is  found 
eledric  by  deficiency.  Therefore,  we  are  well  grounded  to  fay, 
that  the  tenfion  alone  which  arifes  in  the  fire  proper  to  the 
air  around  a  body,  by  virtue  of  the  fire  which  exuberates  in 
that  body,  contributes  to  repel  and  reprefs  this  fame  exuberant 
fire  :  and  the  relaxation  alone,  which  takes  place  in  the  fire 
proper  to  the  air  around  a  body,  by  virtue  of  the  deficiency 

Which, 
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which  takes  place  in  it,  contributes  to  determine  towards  it  a  pro* 
portional  quantity  of  fire  to  fupply  that  deficiency. 

509.  Nor  is  there  any  danger  that  atmofpheres  proper  to  bo» 
dies  will  not  operate  in  the  fame  manner  as  Jlrange  ones,  fince  the 
tenfion  of  the  fire  proper  to  the  air  around  a  body,  operates  from 
a  diftant  circumference  towards  the  furface  of  that  body,  with  a 
force  equal  to  that  with  which  it  would  operate  from  the  fur- 
face  itfelf  of  the  body,  towards  the  faid  circumference,  conform¬ 
ably  to  the  univerfal  law  of  equality  between  adions  and  re-ac¬ 
tions.  The  above  manifeftly  agrees  with  experiments  ;  when  I 
prefent  the  rubbed  glafs,  or  fealing-wax,  under  the  extremity 
A  (PI.  VIII.  fig.  8.)  of  the  condudor  A  8  B,  then  the  atmofphere 
which  takes  place  near  the  extremity  8  B,  is  balanced  by  that 
which  furrounds  the  extremity  A;  therefore,  the  latter  atmo¬ 
fphere  operates  againfl:  the  condudor,  in  a  diredion  that  is  from 
the  furface  of  the  rubbed  glafs,  or  wax,  towards  its  own  circum¬ 
ference  ;  and  the  atmofphere  proper  to  the  conductor  balances 
the  other  atmofphere,  by  operating  in  a  contrary  diredion  to  it; 
that  is,  from  its  own  circumference,  towards  the  furface  of  the 
condudor. 

510.  Having  thus  demonfirated  this  truth,  that  the  force  of 
the  fire  proper  to  the  air  around  bodies,  jointly  concurs  with  the 
iorce  of  the  fire  proper  to  thofe  bodies  themfelves,  in  creat¬ 
ing  the  motions  of  the  eledric  fluid,  it  now  remains  that  we 
thould  bring  this  truth  to  its  proper  univerfality  ;  becaufe,  it  is 
not  only  in  the  eledricity  of  a  fimple  excefs,  or  a  Ample  defici¬ 
ency,  that  the  abfolute  tenfion  or  relaxation  of  the  fire  in  the  ambient 
air  is  to  be  confidered,  but  in  all  kinds  of  eledricity,  univerfally, 
(93)  the  overplus  of  tenfion  in  the  air  around  one  body  above 
the  tenfion  in  the  air  around  anothei  body,  will  contribute  to 
the  greater  efficiency  of  the  former  above  the  latter’s,  in  deter¬ 
mining  the  motion  of  the  eledric  fire  ;  fo  that,  I.  If  we  treat 
of  an  eledricity  of  an  abfolute  excefs,  fuch,  for  inflance,  as  that 
in  the  Chain  with  regard  to  the  ground,  then  we  may  fay,  the 
fire  that  exuberates  in  the  Chain,  is  determined  to  pafs  into  the 
grounds  in  coniequence  of  the  fuperiority  of  its  expanfive  force 
above  that  of  the  fire  in  the  ground,  and  alfo  by  the  fuperio- 
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rity  of  the  tenfion  in  the  air  around  it,  above  that  which  ob¬ 
tains  in  the  air  contiguous  to  the  ground.  II.  If  we  treat  of  an 
electricity  of  an  abfolute  deficiency,  fuch  as  that,  for  inftance, 
which  takes  place  in  the  Machine  relatively  to  the  ground,  then 
we  aught  to  fay,  the  natural  fire  in  the  ground  will  be  determined 
to  flow  into  the  Machine,  in  confequence  of  the  fuperiority  of  its- 
expanfive  force  above  that  of  the  defective  fire  in  the  Machine, 
and  alfo  by  the  fuperiority  of  the  tenfion  in  the  air  contiguous  to 
it,  above  that,  in  the  air  contiguous  to  the  deficient  Machine. 
III.  If  we  treat  of  a  refpediive  eleCiricity  by  either  excefs,  or  de¬ 
ficiency,  then  we  are  to  give  the  fame  explanations  with  regard  to 
the  particular  bodies  in  which  fuch  electricities  take  place,  as  have 
been  given  in  the  cafes  of  the  Chain  relatively  to  the  ground,  or  of 
the  ground  relatively  to  the  Machine.  IV.  If  we  treat  of  a  refpedtive 
eleCiricity  by  excefs  and  deficiency  together ,  then  we  ought  to  fay,  the 
fuperiority  in  point  of  expanfive  force,  and  of  tenfion,  that  takes 
place,  in  and  around,  the  one  of  the  two  bodies,  will  increafe  in  con¬ 
fequence  of  both  the  excefs  of  fire  in  that  body,  and  the  deficiency 
of  it  in  the  other.  V.  If  we  treat  of  refpeclive  electricities  either  of 
unequal  excefs ,  or  of  unequal  deficiency ,  then  we  are  to  fay,  the  force 
which  produces  the  motion  of  the  eleCtric  fire  will  leflen,  becaufe  the 
fuperiority  of  expanfive  force,  and  tenfion,  in  and  around  the  one 
of  the  bodies,  will  lefien  proportionably  to  the  expanfive  force 
and  tenfion  in  and  around  the  other  body. 

5 1 1.  Thus  it  will  be  univerfally  underftood,  how  the  motion 
of  the  eleCtric  fire  between  two  fyftems,  or  bodies  whatever,  is 
determined,  both  by  the  overplus  of  the  expanfive  force  in 
the  fire  on  the  furface  of  the  one  of  them,  above  that  of 
the  fire  on  the  furface  of  the  other,  and  by  the  fuperiority 
of  the  tenfion  in  the  air  around  the  former,  above  the  tenfion  in 
the  air  around  the  latter. 

512.  The  refpettive  excefs  of  the  tenfion  in  the  air  around 
a  body  A,  alfo  contributes  to  the  motion  of  the  eleCtric  fire 
which,  in  any  degree,  fuperabounds  in  that  body,  by  determining 
it  to  flow  towards  that  part  of  it,  where  this  tenfion  becomes 
weakened,  in  confequence  of  the  approach  of  another  body  B, 
which  is,  in  any  degree  defective  with  regard  to  the  body  A,  Thuss 
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when  I  prefent  my  finger  to  the  Chain,  the  exceffive  fire  of  the 
Chain  drives  oft  the  natural  fire  from  the  furface  of  my  finger, 
and  thus  introduces  a  kind  of  very  finali  charge  over  it:  now, 
this  driven  fire  is  like  a  fupport  that  is  taken  away  from  both  the 
exceffive  fire  in  the  Chain,  and  that  in  the  intervening  air;  there¬ 
fore,  the  exceffive  fire  around  the  whole  Chain,  drives  a  fomewhat 
greater  excels  towards  the  place  where  I  approach  my  finger, 
then  towards  any  other  part  of  the  Chain.  When  I  prefent  my 
finger  to  the  Machine,  then,  I  fay,  the  natural  fire  that  is 
wanting  on  its  furface,  is  like  a  fupport  taken  away  from  the 
natural  fire  of  the  intervening  air  ;  therefore,  the  natural  tenfion 
of  the  electric  fire  in  the  air  that  furrounds  my  body,  drives  the 
natural  fire  from  the  whole  furface  of  it,  and  makes  it  flow  towards 
my  finger  ;  then  this  fire,  in  its  turn,  drives  a  new  portion  of 
fire  from  the  part  of  the  Machine  which  lies  neareft  to  it,  and 
thus  increafes  the  deficiency  in  this  fame  part;  which  mull  propor¬ 
tionally  fill  up  and  leflen  the  fame  in  all  the  others. 

513.  With  regard  to  this  flowing  of  the  fire  of  an  electrified 
fyftem,  towards  that  part  of  it  to  which  another  fyflem,  or  body, 
is  brought  near,  I  ffiould  perhaps  fear  left  I  have  been  fomewhat 
too  diffufe,  if  I  were  not  convinced  of  the  importance  of  the  fub- 
ject,  and  of  the  great  light  which  the  experiments  I  have  related 
procurerò  the  fcience  of  Electricity.  I  even  Ch all  add  another, 
which  is  fimple,  and,  in  my  opinion,  decifive.  When  your  elec- 
trofeope  of  the  Chain,  diverges  a  little,  in  confequence  of  a  very 
imall  degree  of  electricity  being  diffufed  into  the  latter,  approach 
flowly  to  it,  the  back  of  your  hand,  and  you  will  fee  the  balls  of 
the  eketrofeope,  which  were  hardly  feparated,  recede  from  each 
other  more  than  to  three  Tines  diftance  ;  efpecially  if  your  con¬ 
ductor  be  very  large,  fuch  as  that  in  fig.  1.  PI.  I  :  in  order  to 
produce  the  above  fmall  electricity,  you  only  need  approach  the 
rubbed  glafs  tube  to  the  conductor,  and  by  keeping  it  at  a  certain 
diftance  from  the  conductor,  you  will  be  able  to  raife  as  fmall  an 
electricity  as  you  pleafe. 

514.  The  above  is  to  be  explained  in  the  following  manner: 
the  tenfion  of  the  fire  in  the  air  around  the  conductor,  where  it  has 
its  natural  fupport,  makes  the  fmall  excefs  in  the  conductor,  run 

to 
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to  the  place  to  which  the  hand  /lands  near,  and  deprives  the  fire 
in  the  air  of  its  fupport,  in  confequence  of  the  free  pafiage  that 
obtains  through  the  hand  into  the  ground.  If  the  condudor  be 
eledrified  by  deficiency,  in  this  cafe  a  certain  quantity  of  excef- 
five  fire  will  run  to  the  above  part  of  the  hand,  and  to  the  air  conti¬ 
guous  to  it,  in  confequence  of  the  tenfion  in  this  air  being  now 
increafed  ;  which  excefiive  fire  will,  in  its  turn,  drive  a  farther 
portion  of  the  natural  fire  remaining  in  the  conductor  to  another 
part  of  it,  when  the  tenfion  of  the  natural  fire  in  the  air  around 
it,  is  deficient  and  below  the  natural  degree. 

51 5.  Now  this  flowing ,  juft  now  deicribed,  of  the  excefiive  fire 
of  a  body  to  fome  one  part  of  the  fame,  under  certain  circum- 
ftances,  this  flowing,  I  fay,  when  it  is  efteded  with  a  certain 
degree  of  force,  caufes  this  fire,  in  that  place  whereto  it  is 
determined  by  the  approach  of  a  ftrange  body,  to  divide  the 
intervening  air,  in  the  very  fame  manner  as  a  ftrong  fpark  fome- 
iimes  breaks  through  a  ftieet  of  glafs  that  oppofes  its  free  pafiage. 
In  regard  to  this  fad,  I  have,  befides,  another  experiment  which 
confirms  both  the  reality  of  the  above  flowing  of  the  excefiive  fire, 
and  its  power  of  determining,  according  to  a  certain^fettled  law, 
the  diredion  of  the  fpark  that  is  thrown  out  in  confequence  of  it* 
which  law,  as  far  as  I  know,  has  not  been  mentioned  by  other 
Writers. 

516.  I  take  a  brafs  rod  A  B  (PL  VIII.  fig.  9.),  which  is  folid  and 
half  an  inch  thick,  and  terminated  in  A,  into  an  hemifphere  ;  I  pre- 
ient  it  to  the  condudor  Y  (PI.  I.  fig.  1.)  animated  by  a  ftrong  elec¬ 
tricity,  and  bring  it  near  the  fame  in  a  fituation  almoft  parallel  to 
it,  in  fuch  a  manner  that  its  rounded  end  be  the  neareft  to  the  con¬ 
dudor;  when  it  conftantly  happens  that  the  fpark  flies  to  the  head 
of  the  brafs  rod  in  an  incurvated  diredion,  the  cavity  of  which  is 
conftantly  turned  towards  that  part  of  the  condudor  along  which 
the  rod  is  placed.  Likewife,  when  I  prefent  my  finger  to 
the  condudor,  after  the  fame  manner  as  I  did  the  brafs  rod  AB, 
the  fame  effed  ftill  obtains;  that  is,  the  fpark  flies  to  the  tip  of  my 
finger  in  an  incurvated  diredion,  the  cavity  of  which  is  turned  to¬ 
wards  my  finger.  In  fhort,  the  perfon  who  experiments  has  it  in 
his  power  to  make  the  fpark  bend  its  way  in  any  given  diredion; 
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only,  it  is  neceftary  to  excite  the  fpark  from  fuch  parts  of  the 
conductor  as  are  free  from  afperities. 

417.  The  above  effect  is  to  be  explained  thus  ;  the  wave  of  ex- 
ceffive  fire  from  which  the  fpark  refults,  is  determined  by  the  fu- 
perior  tenfion  of  the  fire  in  the  air  around  the  conductor,  to  flow 
to  D  (a  place  where  the  ftratum  of  the  intervening  air  is  leften- 
ed,  and  confequently  relifts  lefs)  along  the  fide  C  D  of  the  con¬ 
ductor,  collaterally  to  which  the  tenfion  of  the  fire  in  the  air 
grows  continually  lefs  and  lefs  fupported,  in  confequence  of  the 
fire  which  this  wave  becomes  enabled  to  drive  into  the 
ground,  both  from  the  other  furface  of  the  fame  air,  and  from  the 
brafs  rod.  Therefore,  if  this  direction  of  the  wave  is  only  con- 
fidered,  we  filali  find,  that  it  muft  proceed  direCtly  towards  E; 
but  with  fuch  direction  we  are  to  compound  the  force  which 
will  refult  from  the  refiftance  of  the  ftratum  of  air  through 
which  the  fpark  is  to  break  ;  and  this  refiftance,  by  gradually  turn¬ 
ing  the  fpark  out  of  its  way,  will  make  it  bend  its  courfe  towards 
the  end  A  of  the  brafs  rod. 

518.  But  here  I  find  that  the  prejfing  eleCtricity  of  eleCtric 
atmofpheres,  has  led  us,  in  a  manner  unawares,  to  confider  the 
vivid  eleCtricity  of  fparks  ;  a  fubjeCt  which  is  as  extenfive  as  it  is 
important,  and  muft  be  treated  in  a  feCtion  apart. 
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On  vivid  Eledhicity  ;  othervvife,  on  electric  Sparks. 


CHAP.  I. 

On  /parks  relatively  to  the  air . 

519.  T  T  E  have  hitherto  confidered  the  modification  of  thepref- 
V  V  fure  that  takes  place  in  the  eledtric  fire  proper  to  the 
air  around  bodies,  in  confequence  of  the  eledtric  fire  that  is  added  to, 
or  taken  from  the  furface  of  thofe  bodies  ;  now  we  are  to  confider  the 
adtion  of  the  air  againft  the  fire,  exuberant  relatively  to  it,  that  pafles 
through  it  under  the  fhape  of  a  /parky  and  alio  that  of  the  fpark 
againft  this  air.  In  regard  to  thefe  reciprocal  actions,  two  things 
muft  be  attended  to;  the  one  is,  the  kind  of  proportion  accord¬ 
ing  to  which  the  air  refifts  thefpark;  the  other  is,  the  peculiar 
kind  of  adtion  which  electric  fire  exercifes  on  air.  To  that  end,  we 
muft  chiefly  obferve  three  accidents  ;  I.  The  extenuated  ftiape 
of  the  fparks.  II.  Their  crooked  dirdtion.  III.  Their  divifion. 

Sect.  I.  On  the  re/iflance  which  air  oppo/es  to  J parks . 

520.  Air  reftfts  /parks  in  proportion  to  its  own  den/ity  ;  in  propor¬ 
tion  to  the  thicknejs  0/  the  ft ratum  it  oppo/es  to  them  ;  and  in  proport  ioti 
to  the  length  0/  the  pa /age  which  /parks  are  led  to  open  to  them - 
/elves  through  its /ubjtance.  In  order  to  conclude  univerjally-y  that  air 
refifts  the  eledtric  fire,  it  is  enough  to  obferve,  that  it  forms,  jointly 
with  other  infulating  bodies,  the  general  inclojiire  which  preferves 
on  the  furface  of  bodies  their  electricity.  In  regard  to  the  particu¬ 
lar  conclufion  above  exprelTed,  viz.  that  air  refifts  the  electric  fire, 
according  to  the  above  mentioned  proportions,  the  experiment  I 
formerly  deferihed  in  num.  1  14  of  Art.  Elec,  will  be  of  great  fer- 
vice  to  prove  it.  With  wax  made  foft  with  turpentine,  I  fix  a  re- 
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ceiver  on  the  bafon  of  the  air-pump,  with  a  brafs  rod  adapted  to  it, 
in  fuch  a  manner  that  this  rod  may  be  railed  or  lowered  within  it 
at  pleafure  (PL  IV.  fig.  12,  13,  14,  15.)  I  make  this  rod  commu¬ 
nicate  with  the  Chain,  and  before  I  draw  off  the  air,  I  take  no¬ 
tice,  that,  from  the  extremity  B  of  the  rod  (fig.  12.)  which  re¬ 
mains  at  fix  inches  difiance  from  the  bafon,  the  brulli  fprings 
downwards  from  the  rod,  in  the  ufual  manner,  to  the  diftance  of 
about  an  inch.  This  done,  I  make  the  air  to  be  fucceffively 
drawn  from  the  glafs-bell  ;  and,  at  every  firoke  of  the  embolus,  I 
obferve  that  gradual  changes  fucceffively  take  place  in  the  brufh, 
and  that  in  proportion  as  the  air  is  farther  extracted  :  I.  The 
rays  of  the  brulh  are  lengthened.  II.  Their  mutual  divergcnceis 
lelfened,  III.  as  well  as  their  number,  IV.  and  their  fparkling. 
V.  The  width  of  the  remaining  rays  increafes,  VI.  as  well  as 
their  continuation  ;  fo  that,  when  the  mercury  of  the  barometer 
within  the  glafs-bell  has  been  brought  to  be  no  more  than  an  inch 
high,  there  remains  only  four  or  five  rays,  which,  from  the  rod, 
reach  quite  down  to  the  bafon  ;  and  if  the  mercury  be  fiill  more 
lowered,  till  it  is  brought  to  be  only  four  lines  high,  there  re¬ 
mains  nothing  under  the  bell  (the  brafs  rod  muft  then  be  a  little- 
lowered,  as  in  the  fig.  14.)  but  a  continued  red-violaceous  ray. 
To  all  thefe  obfervations  the  following  fadl  is  to  be  added,  viz. 
that  in  proportion  as  the  air  grows  rarified,  at  leafi  beyond  a  certain- 
meafure,  the  eledtric  figns  lefien  in  the  Chain  ;  fo  that  when  the 
air  is  brought  to  its  greateft  rarity  (this  I  obferved  before  wdth  re- 
fpedt  to  the  experiment  of  Dr.  Haukffiee),  fparks  intirely  ceafe, 
and  the  eledtrofcope  diverges  no  longer. 

521.  If  the  rod  A  B  is  left  at  a  great  difiance  from  the  bafon, 
and  efpecially  if  it  be  very  (harp,  then,  if  the  air  be  extremely 
dilated,  the  fingle  continued  ray  ceafes  to  appear,  but  a  ffiort 
light  appears  on  the  faid  point,  like  the  light  mentioned  in  numb. 
139,  1 41.  and  has  been  called  light  of  diffusioni  which  extends  to  a 
certain  difiance  in  the  direction  of  the  fides  of  the  point,  and 
grows  gradually  fainter,  fo  that  at  the  difiance  of  an  inch  it  is  per¬ 
ceived  no  more.  But  when  the  experiment  is  made  in  the  dark,  a 
very  weak  light  is  difcerned,  which  extends  from  the  point,  and 
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forms  an  ample,  though  very  rare,  brufh,  like  that  reprefented  in 
fig.  15  j  and  a  very  good  eye  may,  moreover,  if  the  darkneis 
be  complete,  perceive  a  kind  of  fpurious  bruih  (119)  more  lan¬ 
guid  and  fhort,  which  reaches  the  knob  C  on  the  bafon  of  the 
air-pump.  When  the  rod  is  thus  placed  at  a  great  difiance  from  the 
bafon  of  the  pump,  whatever  may  be  the  rarity  of  the  air,  a  faint 
motion  continues  to  be  difcernible  in  the  ele£trofcope  annexed  to 
the  Chain  ;  this  is,  becaufe  the  air,  notwithfianding  its  great  rari¬ 
ty,  yet  refills  in  proportion  to  the  great  height  or  thicknefs  of  its 
ftratum  (the  rod  is  here  fuppofed  to  be  ten  inches,  or  a  foot  dit- 
tant  from  the  bafon)  ;  it,  therefore,  keeps  back  a  part  of  the  electric 
fire,  which  would,  if  the  Itratum  of  air  was  lefs,  in ti rely  and  freely 
pafs  through  it.  For  the  like^  reafon  alfo,  the  excefiive  fire 
which  through  a  fhort  firatum  of  rarefied  air,  readily  flows,  united 
into  a  continued  ray,  divides  and  fpreads  itfelf,  when  the 
fame  Itratum  is  lengthened  into  thole  long  and  almofi  invifible 
flalhes. 

522.  But,  in  order  more  accurately  to  diftinguifh  the  changes 
with  refpedttoits  form  and  continuation,  which  the  eleflric  fire 
fuffers  in  air  which  is  gradually  more  and  more  dilated,  the  ex¬ 
periment  mud  be  made  with  rods  armed  at  their  ends  with  balls 
(PI.  IV.  fig.  6.).  Let  fuch  rods  be  brought  to  the  difiance  of  one 
inch  from  each  other;  then,  when  the  vacuum  is  rendered  as  exadt 
as  poffible,  a  fingle,  continued,  uniform  ray,  of  a  red-violace¬ 
ous  colour,  is  feen  in  the  dark  to  flow  from  the  rod  B  to  the  rod 
C.  In  proportion  as  air  is  afterwards  admitted,  this  ray  acquires, 
firfi  a  kind  of  quivering  motion,  which  indicates  the  beginning 
of  an  interruption  ;  then,  a  real  interruption  with  an  undulation 
and  divifion  of  the  ray,  take  place  (efpecially  if  the  balls  be  a  little 
removed  from  each  other)  ;  afterwards  the  ray  acquires  a  fome- 
what  more  vivid  light,  fo  that,  through  a  continued  fucceffion  of 
changes,  this  quiet,  continuous  ray,  at  la  ft  turns  into  very  vivaci¬ 
ous  fparks,  difcernible  even  by  day-light,  though,  it  is  neceflary  to 
obferve,  they  are  emitted  only  with  fuch  interruptions  as  are  necef- 
fary  to  make  the  fire  rife  in  theChain  to  a  fufficient  denfity,  to  enable 
k  to  furmonnt  at  once  the  refiftance  oppofed  by  the  external  air. 
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523.  If  the  balls  B,C,  are  kept  at  a  ftill greater  diftance  from  each 
other,  then  the  ray  that  joins  both  begins  to  appear  lefs  uniform, 
though  the  ùir  be  dilated  to  the  utmoft,  and  an  interruption  of  the 
fire  takes  place  in  the  middle  between  the  two  balls,  which  increafes 
as  they  are  removed  farther  from  each  other.  About  twenty  years 
ago  I  had  a  thought  of  amufing  myfelf  with  a  kind  of  ele&ric  lucid 
writing;  I  procured  glafs  tubes  bent  into  the  Ihape  of  letters,  like 
thofe  reprefented  in  the  PI.  IX.  fig.  4,  5  ;  iron  wires  wrere  herme¬ 
tically  inferted  into  their  extremities,  and  after  the  air  had  been 
accurately  drawn  out  of  them,  they  were  hermetically  clofed.  But 
I  had  fcarcely  begun  to  experiment,  when  I  perceived  that  a  defec¬ 
tive  reafoning  had  led  me  into  a  vain  attempt:  fo  far  was  I  from 
illuminating  the  whole  feries  of  letters  (which  communicated  to¬ 
gether  through  the  iron  wires),  that  I  could  not  completely  illu¬ 
minate  even  a  fingle  one  of  them,  with  the  whole  difcharge  of  a 
bottle;  the  reafon  was,  becaufe  the  fpace  was  too  great  to  allow 
the  fpark,  however  vehement,  to  go  through  the  dilated  air  con¬ 
tained  in  the  above  tubes. 

524.  In  the  barometric  vacuum,  as  it  is  more  complete,  the 
light  of  a  fpark  reaches  to  a  much  greater  diftance.  While  I  ftand 
inlulated  (as  I  faid  in  pag.  48  of  the  Eerres  Atmofp.  Eie  A.)  and 
communicate  with  the  Chain,  I  touch  the  hollow  ball. into  which 
the  upper  part  of  my  barometer  is  terminated,  and  a  little  fpark 
leaps  between  my  finger  and  the  faid  ball;  meanwhile,  an  eledtric 
light,  of  a  purpureous  colour,  fills  the  whole  empty  fpace  in  the 
barometer,  fo  far  as  the  furface  of  the  mercury;  but,  on  the 
other  hand,  it  is  to  be  obferved,  that  this  light  is  more  dilated, 
and  affedls  lefs  the  eye,  in  proportion  as  it  iurpafi'es  in  point  of 
extent  the  fpark  that  has  been  thrown  from  my  finger  to  the  ball. 

525.  Thele  experiments  may  be  varied  at  pleafure,  and  even, 
are  rendered  more  fignificative  by  caufing  the  fparks  to  pals 
mtnely  through  a  barometric  vacuum;  which  may  be  effected 
with  the  double  barometer  ABC  DE  (PI.  VIII.  fig.  10.)  contrived 
by  the  ingenious  philofopher,  Lord  Cavendifh.  I  have  leverai 
barometers  of  this  con  fir  udtion,  in  which  the  empty  fpace  BCD 
extends  to  a  difiance  (omewhat  greater  than  a  foot.  From  the  bot- 
tom  ot  the  two  finali  canns  A,  E,  into  which  the  two  arms  of 
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the  barometer  are  inferted,  two  iron  wires  rife,  terminated  into 
balls;  I  grafp  the  one  of  thefe,  and  prefent  the  other  to  the  Chain; 
then,  I.  The  whole  empty  portion  BCD  appears  uniformly  illu¬ 
minated  with  a  light  fomewhat  dronger  than  that  which  takes 
place  under  the  glafs  bell,  between  the  two  brafs  balls.  II. 
When  I  fend  whole  difcharges  of  bottles  through  the  faid  fpace,  the 
light  appears  uniform  throughout  the  fame  ;  but  it  is  more  white 
and  more  fplendid,  in  proportion  as  the  difcharges  are  dronger; 
that  is,  as  the  quantity  of  fire  that  paffes  through  the  vacuum  is 
more  copious.  III.  To  this  add,  that  this  light  lads  only  an  indant  ; 
and  the  fhocks  thofe  difcharges  give  me,  are  both  drong,  and 
like  thofe  which  I  fend  immediately  through  my  body. 

526.  Thefe  different  accidents  afford  an  explanation  for  the 
fecond  cafe  above  mentioned  ;  that  is,  they  explain  the  changes 
of  colour  which  eledtric  lights  exhibit  in  certain  circumdances. 
Thefe  changes  depend  on  the  greater,  or  lefs,  rarity  of  the  eledlric 
fire:  according  as  it  dows  with  more  dendty,  it  throws  alight 
whiter  and  more  intenfe;  in  proportion  as  it  is  more  dilated,  it  emits 
a  light  weaker  and  more  violaceous  ;  and  thefe  different  appearances 
equally  take  place  in  the  barometric  vacuum,  in  air  that  is  on¬ 
ly  fomewhat  dilated,  and  in  the  atmofpheric  air.  This  fame  prin¬ 
ciple  explains  alfo  the  various  appearances  exhibited  by  the  elec- 
tric.fire  in  natural  phenomena;  how  it  dazzles  in  a  thunderbolt  ; 
how  it  does  not  offend  the  eye  in  an  extenfively  diffuled  flalh  of 
lightning;  how  it  even  creates  a  pleadng  fenfation,  when  exhi¬ 
biting  itfelf  under  the  fhape  of  a  falling  dar  ;  and  how  it  affumes 
various  reddifh  appearances  in  the  aurora  borealis ;  but  of  this  X 
diali  treat  more  largely  hereafter,  and  fhall  only  obferve  here  that 
a  few  other  circumdances  befides  thofe  above,  concur  in  producing 
thofe  variations  of  eledtric  lights. 

527.  All  the  faid  accidents  moreover  prove,  that  a  complete 
vacuum  tnay  be  conjidered  as  a  medium  pretty  exadlly  deferent  ;  and 
that  this  deferency  gradually  lejfens  in  proportion  as  the  exadlnefs  of 
the  vacuum  diminijhes .  In  fadt,  if  I  fuccedively  introduce  air- 
bubbles  into  a  double  barometer,  the  empty  fpace  BCD  ceafe's 
to  be  intirely  illuminated,  but  the  light  gradually  gathers  itfelf 
nearer  to  B  and  D;  and  in  C,  it  either  becomes  very  languid,  or 
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inti  rely  ceafes,  according  as  more  bubbles  of  air  have  been  in¬ 
troduced  ;  correfpondently  alfo,  the  lights  in  B  and^  D  appear 
more  vivid,  and  la  ft  longer;  the  difeharge  is  effected  with  a  lefs 
ftroke,  and  after  it,  a  greater  portion  of  the  charge  is  found  to  have 
remained  within  the  bottle. 

528.  I  filali  have  occafion  to  mention  again  the  reafon  why  the 
light  of  the  fire  that  paffes  through  an  incomplete  vacuum,  is  in¬ 
terrupted  in  the  middle  between  two  deferent  bodies  placed  in  it; 
here  I  have  fufiiciently  demonflrated,  I  think,  that  air  oppofes 
fparks  in  proportion  to  its  own  denfity,  and  in  proportion  to  the 
thicknefs  of  the  ilratum  through  which  the  latter  are  led  to  pafs. 
The  refinance  of  air  is  moreover  proportioned  to  the  width  of  the 
paflage,  which  the  fpark  opens  to  itfelf  through  it,  and  a  very 
iimple  experiment  may  prove  it.  If  to  the  head  M  (PI.  II.  fig.  8.) 
of  the  conducing  bow  MNO,  balls  of  gradually  larger  diameters 
are  fucceffively  adapted,  the  fpark  that  will  fly  to  fuch  balls,  will 
be  larger,  will  leave  a  broader  mark  on  the  balls,  and  produce  a 
found  of  a  graver  tone.  But  then  it  will  only  leap  to  a  lefs  dis¬ 
tance  3  for  the  fame  flrength  which  would  be  employed  by  the 
lpark  in  driving  a  longer  column  of  air,  were  this  fpark  drawn  by 
a  lefs  part  of  a  lefler  ball,  is  now  employed  in  expelling  afhorter, 
it  is  true,  but  a  wider  column  of  air,  in  confequence  of  the  fpark 
being  drawn,  as  we  fuppofe,  by  a  larger  part  of  a  larger  ball. 

529.  If  the  bodies  between  which  fparks  are  excited,  remain 
conflantly  of  the  fame  fize,  then  the  above  proportion  between 
the  refinance  of  the  air,  and  the  width  of  the  paflage  which  the 
fpark  is  made  to  open  to  itfelf  through  it,  holds  ftill  ;  but  here  we 
muft  obferve,  that  the  width  of  the  pafj'age  will  rather  correfpond 
with  the  quantity  of  the  fire  that  is  thrown ,  and  the  length  of  the  fame 
Pajfage  will  rather  correfpond  with  the  degree  of  denfity  to  which  the 
fire  is  brought .  This  is  the  reafon  why  a  fimple  fpark  from  a 
condu&or  leaps  to  a  diftance,  at  leafl:  equal  to  that  to  which 
a  middling  difeharge  of  a  bottle  will  do  ;  for,  though  the 
quantity  of  the  fne  thrown  from  the  bottle  furpafles  ever  fo  much 
the  quantity  of  the  fire  that  leaps  from  the  condudor,  yet  the  den¬ 
fity  in  the  former  is  not  fuperior  to  the  denfity  on  the  latter; 
which  is  evident  from  this  bare  confideration,  that  the  denfity  of 
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the  fire  in  the  bottle  only  proceeds  from  the  denfity  of  the  fire 
on  the  conductor. 

530.  With  regard  to  the  proportion  that  obtains  between  the 
breadth  of  the  fpark,  and  the  quantity  of  fire.  Dr.  Prieftley  has 
made  very  elegant  obfervations.  That  gentleman  trying  with 
a  harpficord  the  tones  of  the  founds  produced  by  the  explofions  of 
various  fparks,  found  (p.  717.)  that  their  gravity  correfponded  with 
the  extent  of  the  coatings  from  which  the  fparks  were  excited  ; 
that  is,  with  the  quantity  of  the  fire.  Thefe  experiments  might  be 
carried  farther,  by  placing  finali  bits  of  paper  aftride  on  the  firings 
of  a  harpfichord,  and  attentively  obferving  which  of  thefe 
would  be  made  to  leap  highefi  by  the  different  explofions  of 
fparks  excited  from  jars  of  various  capacities. 

531.  Upon  the  whole,  I  think  that  in  extenfive  fireams  of 
eledric  fire,  the  copioufnefs  of  it,  while  it  tends  to  increafe  the 
fpark,  greatly  contributes  alfo  to  fpread  it.  I  alfo  think,  that  the 
deferent  vapours  which  lightning  excites,  and  as  it  were  fupplies 
itfelf  with,  are  like  a  vehicle  that  greatly  ferves  to  increafe  the 
amplenefs  of  its  pafiage  ;  but  the  copioufnefs  itfelf  of  the  fire,  which 
at  firfi  partly  is  thrown  at  once,  and  partly  fucceeds  afterwards, 
muft  undoubtedly  alfo  contribute  to  produce  the  fame  effed.  From 
the  beginning  I  obferved,  that  the  effeds  of  fparks  increafe,  in 
proportion  as  the  fedions  of  the  medium  through  which  they  pafs, 
lefien  ;  and  that  this  increafe  of  efficiency  ought  to  be  imputed  to  the 
greater  denfity  which  the  fire  polfeffes  in  thofe  narrower  fedions. 
It  is  true,  that,  befides  a  condenfation  of  the  eledric  fire,  a  retar¬ 
dation  of  the  fame  muft  alfo  take  place  in  fuch  narrow  fedions  ; 
but  if  the  condenfated  fiream  of  fire  be  followed  by  new  fucceffivc 
waves  of  it,  as  we  may  conclude  it  to  be  the  cafe,  from  the  unin¬ 
terrupted  blaze  and  continual  fucceffive  explofions  that  take  place  in 
lightning,  it  is  evident,  that  the  new  fucceeding  fiafhes  muft:  contri¬ 
bute  to  promote  the  motion  of  the  whole  fiream. 

Sect.  II.  On  the  manner  of  the  aft  ion  which  elediric  fparks  exert  on 

the  air . 

532.  1  think  I  have  been  the  firfi  who  thought  of  inveftigating 
the  nature  of  the  adion  which  the  eledric  fire  exerts  on  the  air 
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through  which  it  pafies.  This  1  have  done,  firft  in  the  fifth  chap¬ 
ter  of  Artif.  Eletti.  where,  from  the  fdence  of  the  eledtric  fire,- 
when  it  is  merely  extra&ed  from,  or  added  to,  bodies,  and  from 
the  noife  produced  by  it,  when  it  rufhes  from  a  point  into  the  air,  I 
concluded  that  fparks  vibrate  the  air  through  which  they  pafs  ;  and 
I  was  thence  induced  to  try,  by  the  means  of  a  tube  of  glafs  fitted 
for  that  purpofe,  what  kind  of  impreflion  the  air  agitated  by. 
fparks  would  make  on  the  liquor  contained  in  that  tube. 

533.  The  following  is  the  manner  after  which  I  ufually  make 
this  experiment.  I.  With  feme  cement,  or  alfo  by  means  of  a 
lamp,  1  feal  the  end  A  (PL  V.  fig.  15.)  of  the  tube  A  B,  around  the 
iron  wire  D  R.  II.  I  warm  the  tube  a  little,  and  dip  the  open, 
orifice  B  into  a  glafs  of  wine,  fo  that  it  fucks  it  in,  to  the  height 
of  one  or  two  inches.  III.  Into  this  open  orifice  B,  I  infert  an¬ 
other  iron  wire  B  U,  whofe  end  U  remains  diftant  from  the  end 
R  of  the  other  iron  wire  RA,  four,  eight,  or  more  lines.  1VL 
And  in  the  inftant  when  I  fend  the  difeharge  of  a  coated  (beet  of 
glafs  through  the  two  wires,  the  air,  ftruck  by  the  fpark  in  the 
whole  interval  R  U,  tranfmits  the  ftroke  in  C  againfi:  the  furface 
of  the  wine,  the  whole,  or  part,  of  which,  is  driven  out  at  the  open 
orifice  B. 

534.  In  repeating  this  experiment  in  tubes  of  various  lengths,, 
and  with  more  powerful  fparks,  I  obferved,  that  the  part  of 
the  finali  cylinder  of  wine  (I  ufe  red  wine  in  order  the  better  to 
difeern  the  various  accidents  that  take  place)  that  had  been  pufhed 
towards  the  orifice  B,  but  had  not  been  driven  out  of  it,  recovered 
its  former  ftation  in  S,  with  a  perceivable  degree  of  flownefs. 
I  hence  I  concluded,  that  the  fpark,  in  palling  through  the  fpace 
R  U,  introduced  a  kind  of  permanent  expanfion  in  the  air  in  it, 
which  did  not  give  way  but  gradually,  and  in  the  fame  manner  as  an 
expanfion  introduced  by  heat  might  have  done  :  I  have  fince  been 
confirmed  in  this  opinion,  by  obferving,  that  the  length  of  the 
cylinder  of  wine  which  is  driven  out,  greatly  exceeds,  when  the 

Ipans.  is  a  vehement  one,  the  interval  R  V,  that  is  the  fpace  through 
which  this  fpark  pafies. 

53 5*  in  Atmof.Terr.  Elect,  defiring  to  afeertain  whether  the 
an  in  me  above  mentioned  experiments  was  driven  in  every  direc¬ 
tion 
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tion,  I  made  a  hole  with  a  file  in  the  middle  of  a  tube  ;  then  with 
fealing-wax  1  fitted  another  tube  to  it,  perpendicular  to  the  place 
where  the  hole  was  made,  and  both  thus  communicated  together 
through  this  hole.  I  made  afterwards  the  perpendicular  tube 
fuck  wine  in,  to  the  height  of  eleven  lines;  laftly,  I  fealed  with 
fealing-wax  an  iron  wire  to  each  end  of  the  tranfverle  tube  (the  two 
tubes  formed  together  an  appearance  like  that  of  a  T)  ;  which 
extended  to  the  hole  of  communication.  The  fpark  being  after¬ 
wards  fent  through  the  wires;  a  part  of  the  wine  was  driven  out 
of  the  perpendicular  tube  ;  and  thus  I  afcertained  that  air  is  driven 
by  fparks,  with  a  direction  even  perpendicular  to  the  direction  of 
thofe  fparks  themfelves. 

536.  I  have  alfo  made  feveral  other  experiments  of  the  fame 
kind  with  the  former.  At  p.  78,  I  mentioned  one  in  which  i 
made  the  air  drive  wine  into  different  and  contrary  directions, 
from  both  ends  of  a  tube.  In  the  fig.  1 6,  of  PL  V.  a  tube  A  B  is  re- 
prefented,  which  is  hermetically  fealed  at  both  its  ends  A  and  B, 
around  two  iron  wires,  which  are  brought  near  each  other  in  CD  ; 
perpendicular  to  the  interval  left  between  them,  a  kind  of  fpout  of 
glafs  F  is  annexed,  through  which,  at  the  fame  inflant  that  the 
fpark  is  thrown,  the  air  blows,  and  drives  a  little  heap  of  dull 
placed  before  the  fpout,  or  fets  in  motion  a  finali  moveable  wheel, 
and  alfo  puts  out  a  finali  light. 

537.  In  fig.  14.  four  tubes  are  reprefented  annexed  to  each 
other,  in  the  fhape  of  a  crofs.  I  make  each  of  them  fuck  wine  in  ; 
into  two  of  them  I  infert  two  iron  wires,  and  the  fpark,  in  the 
moment  that  it  leaps,  drives  part  of  the  wine  from  each  of  the 
tubes. 

538.  In  the  year  1764,  I  deferibed  in  a  finali  book  of  obferva- 
tions  which  I  fent  to  the  duke  of  York,  the  apparatus  which  is 
reprefented  in  fig.  11.  PI.  III.  I.  Thebrafs  rod  D  c,  which  rifes 
from  a  fupport  D,  is  inferted  through  the  bottom  of  a  bottle,  and 
is  fealed  to  it.  II.  The  rod  A<£,  which  in  A  is  terminated  into 
a  ball,  is  fealed  within  the  neck  of  the  fame  bottle,  and  the  two 
rods  are  placed  at  a  convenient  difiance  from  each  other,  ill.  To 
the  neck  of  the  bottle,  the  finali  tube,  or  fyphon  efg  is  annexed, 
which  I  make  fuck  wine  in  ;  and  when  the  fpark  rufhes  through 
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the  interval  be,  it  lowers  the  wine  in  the  part  ef  of  the  fyphortj 
and  raifes  it  in  the  other  part  of  it  fig.  It  was  only  in  the  year 
1770,  that  I  faw  in  Dr.  Franklin’s  work,  that  Mr.  Kinnerftey  had 
wrote  to  him  from  Philadelphia,  a  letter  in  which  be  defciibes  a 
limilar  inftrument  with  the  above,  which  he  calls  an  aereo-eledtric 
thermometer:  his  letter  is  dated  in  the  year  1761;  that  is,  is 
nine  years  pofterior  to  the  firfl  experiments  I  made  on  the  fame 
fubjedt.  Likewife,  before  I  had  any  knowledge  of  the  above  in  dr  la¬ 
ment,  I  wrote  to  the  Royal  Society  of  London  the  defeription  of 
an  experiment  in  which  I  raifed  the  mercurial  column'of  a  barometer 
by  means  of  eledtric  fparks.  CBG  (PI.  V.  fig.  17.)  is  the 
the  tube  of  that  barometer  ;  it  is  divided  in  G  into  two  tubes,  and 
the  mouth  of  each  of  thefe  is  fealed,  in  D  and  in  E,  around  two 
iron  wires,  which  remain  parted  from  each  other  in  S;  the  tube 
AB  is  fattened  to  the  board  AB,  which  rifes  from  the  lupport 
H  T  R.  This  fupport  is  placed  near  an  eledtric  battery,  and 
it  communicates,  through  the  wire  E  F,  with  the  linings  of 
the  jars  that  form  that  battery  ;  then,  touching  the  coatings  with 
the  one  end  of  the  condudting  bow,  and  bringing  the  other  end 
to  the  wire  D,  I  find  that  the  fpark  which  is  thrown  from 
S,  lowers  the  furface  of  the  mercurial  cylinder,  in  B,  for  one  or 
two  lines,  or  even  more,  according  to  the  quantity  of  the. 
charge. 

539.  In  fhort,  in  whatever  manner  the  adtion  of  fparks  on  air, 
be  invedigated,  every  accident  that  happens  concurs  to  prove,  L. 
‘That  air  is  driven  proportionally  to  the  copioujnefs  and  denjity  of 
the  electric  fire.  II.  That  it  is  driven  in  every  direction.  III. 
That  it  is  driven  by  a  kind  ofi  dilating  force  which  does  not  infiantly . 
ceafe ,  but  is  fiomewhat  continued ,  and  is  like  to.  the  dilatation  that  takes . 
place  in  it ,  when  a  new  degree  ofi  heat  is  introduced  into  it. 

Sect.  III.  On  the  extenuated  fihape  of  fparks. 

540.  I  have  not  as  yet  read  that  any  body  has  obferved  a  parti¬ 
cular  kind  of  appearance,  which  pretty  conftantly  takes  place  in 
the  (hape  of  the  eledtric  fparks  that  are  drawn  from  a  condudtor  : 
thefe  fparks  appear  more  fplendid,  more  vivid,  of  a  whiter  and  in¬ 
tender 
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fenfer  light  near  their  extremities,  than  in  their  middle,  where  they 
appear  of  a  red  violaceous  colour,  more  languid  and  narrow;  and  the 
place  where  the  light  thus  grows  languid  and  narrower,  is  ufual- 
Jy  mod  didant  from  that  of  the  two  bodies  between  which 
the  fpark  is  thrown,  which  is  mod;  convex,  or  lharp,  and  neared 
that  body,  which  is  lead  convex,  or  flatted.  Thus,  when  I 
bring  the  knob  of  the  brafs  cylinder  (516)  near  the  con¬ 
ductor,  that  part  of  the  extenuated  fpark  which  I  mention,  remains 
the  nearer  the  condu&or,  in  proportion  as  the  latter  is  lefs  convex 
than  that  knob. 

541.  This  phenomenon  has  appeared  to  me  worth  conddering 
attentively,  either  on  its  own  account,  or  becaufe  it  may  feem  at  fird 
fight  to  favour  the  doctrine  of  the  afjluency  of  two  diftindt  eledtric 
fluids,  which  lighten  when  feparated,  and  vanifh  from  fight  when 
they  join  together.  Being  at  a  lofs  how  to  refolve  this  diffi¬ 
culty,  I  have  undertaken  to  examine  the  padage  which  fparks 
open  to  themfelves  through  a  thick  quire  of  paper,  and  have 
found  that  this  pajfage  alfo  appears  extenuated  in  its  middle, 
and  exhibits  forne  likenels  with  the  fhape  of  the  fparks  which 
pafs  through  the  redding  medium,  air. 

542.  Difcharging,  therefore,  at  feveral  times,  a  coated  plate  of 
glafs,  through  a  mats  of  fix  (beets  of  paper  fewed  together,  I  con- 
dantly  obferved,  I.  That  the  edges  of  the  holes  made  in  the  upper 
leaves  by  the  fparks,  were  bent  upwards  ;  and  in  the  lower  leaves 
the  edges  of  the  holes  were  bent  downwards.  II.  That  in  thole 
upper  leaves  which  were  at  top,  and  lay  near  the  conducting  bow, 
the  edges  of  the  holes  rent  in  them,  were  both  larger  and 
more  bent  upwards,  than  in  the  leaves  next  under  them;  and 
correfpondently,  the  holes  were  broaded,  and  the  edges  of  them 
mod  bent  downwards,  in  thofe  inferior  leaves  which  lay  neared: 
to  the  coating  of  the  plate.  III.  In  thofe  leaves  which  lay  about 
the  middle,  the  holes  were  fo  narrow  as  to  be  hardly  difcernible, 
and  the  extremely  fmall  bur  which  was  around  them,  feemed, 
in  the  leaves  on  the  one  fide,  to  be  railed  upwards,  and  in  the  other 
leaves  to  be  thrown  downwards. 

543.  But  we  mud  obferve,  that  in  order  to  obtain  this  grada¬ 
tion,  both  in  the  dze  of  the  holes,  and  the  extent  of  the  bur 
around  them,  the  quire  of  paper  mud  be  ufed  jud  as  it  is  taken 
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from  the  ream  without  opening  its  leaves,  and  mud  be  placed  foftly 
on  the  coated  plate,  without  prefling  upon  it,  otherwise  the  above 
gradation  in  the  fucceffive  holes  will  not  obtain.  If  the  quire 
remains  with  its  lowed  leaf  clofely  united  to  the  coating  of  the  plate, 
the  width  of  the  hole,  and  the  bur  around  it,  will  both  be  lefs  ; 
and  if  the  leaves  in  the  middle  remain  at  any  didance  Irom  each 
other,  the  holes  made  in  them  will  be  larger,  and  the  bur  be  di¬ 
rected  towards  that  part  where  the  feparation  takes  place  :  thefe 
obfervations  have  fuggeded  to  me  the  following  experiment,  h 
I  part  the  leaves  of  the  quire  into  two  didind  feries  ;  that  is,  I 
place  a  fold  of  eight  leaves  between  the  fixth  leaf  and  the  feventh. 
II.  At  another  time,  I  part  the  leaves  into  three  feries,  putting  the 
fame  difiance  between  them  as  I  did  between  the  two  former.  IIL 
Again,  I  part  them  into  four  feries  ;  and,  in  all  thefe  cafes,  the 
holes  made  by  the  fparks  keep  the  following  rules.  L  The  widen¬ 
ing  of  the  holes,  and  the  diredion  of  the  bur  around  them,  always 
proceed  from  the  middle  of  the  leaves  that  are  united  together, 
towards  the  places  of  feparation,  with  contrary  diredions.  II. 
Meanwhile  the  differences  between  the  fizes  of  the  holes  grow 
lefs,  as  does  alfo  the  bur  around  the  holes,  in  proportion  as  the 
number  of  the  partitions  between  the  leaves  has  been  increafed. 

544.  From  the  conffancy  of  thole  fads,  it  refults  filli:,  that  the 
reafoning  of  thofe  who  conclude  from  the  burs  around  the  holes  be¬ 
ing  turned  outwards  in  contrary  directions,  that  there  exift  two 
didind  contrary  llreams  of  eledric  fluids,  is  ill  grounded.  Fird, 
according  to  that  hypothefis,  fuch  dreams  cannot  be  fuppofed  to 
meet  each  other  within  the  leaves,  but  mult  rudi  from  the  middle 
of  them  towards  oppodte  parts,  conformably  to  the  diredion  of 
the  bur;  and,  fecondly,  our  lad  experiment  makes  it  allo  necef- 
fary  to  fuppofe  as  many  pairs  of  dreams  of  the  eledric  fluid,  as 
there  are  partitions  made  in  the  quire  of  paper,  which  is  an  abfur- 
dity.  If  it  were  infifled  upon,  that  the  flreams  of  eledric  Are, 
indead  of  rufhing  from  the  middle  of  the  leaves,  meet  there,  the 
lame  ablurdity  from  their  multiplicity  dill  exids;  and,  befides, 
there  would  be  a  downright  contradidion  to  fads,  becaufe  in  fuch 
cafe  the  bur  would  be  bent  inwards,  towards  the  middle  of  the 
leaves^  where  fuch  dreams,  as  it  is  fuppofed,  meet. 
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545.  On  the  contrary,  the  following  is  a  very  fimple,  as  well 
as  a  neceffary  principle,  viz.  that  the  eleBric fire  tends  to  explode ,  in 
every  direction,  the  parts  of  the  r  effing  fubfiances  through  which  it 
pajfes .  I  availed  myfelf  of  that  principle  ( Art .  EleB,  p.  136.)  to 
explain  the  common  experiment  in  which  the  bur  around  the  hole 
rent  by  a  fpark  in  a  piece  of  pafleboard  is  always  thrown  out¬ 
wards  on  both  fides  ;  now,  I  fhall  proceed  to  defcribe  the  feveral 
accidents  that  take  place  in  my  new  experiment  of  the  partitioned 
quire;  only,  I  finali  add  to  the  above  principle,  what  indeed  is  a 
neceffary  confequence  of  it,  viz.  that  the  aBual  explofon  of  re - 
ffling fubftances  into  various  direBions ,  is  in  an  inverfe  ratio  to  the  re - 
ff ance ,  or  force ,  that  fupports  thofe  Jubfances  in  thofe  directions.  If 
we  meant  to  exprefs  this  principle  more  clearly,  we  ought  to  fay, 
that  the  eleBric  fire  difplaces  the  parts  of  the  bodies  it  meets  with ,  not 
by  flriking  againf  their  furfaces ,  as  ivory  or  chalk  balls  do  in  experi-* 
ments  on  the.  collifon  of  bodies ,  but  by  traverfmg ,  that  is,  by  penetrat¬ 
ing,  through  the  pores  of  fuch  bodies ,  and  by  exerting  in  its  paffage 
its  expanfve  force ,  condenfating  and  driving  forwards  what  fire  it 
finds  inherent  within  thofe  bodies,  and  experiencing ,  at  the  fame  time,  a 
re-aBion  from  them  equal  to  its  own  aBion, 

546.  Thefe  principles  being  now  laid  down,  we  may  eafily 
conceive,  I.  That  the  fpark,  at  the  inflant  that  it  forces  its  way 
into  the  internal  pores  of  the  whole  united  quire,  mull,  in  confe¬ 
quence  of  the  equal  refinances  oppofed  to  it,  both  by  the  fix  upper 
leaves,  and  by  the  fix  inferior  ones,  .mufi,  I  fay,  burft  the  former 
upwards,  and  the  latter  downwards,  lìnee  the  thick  fubflance  of 
the  paper  around  the  holes  does  not  allow  it  to  produce 
any  lateral  effedl.  II.  The  infide  leaves  will  refill  more  than 
the  outward  ones,  becaufe  their  burs,  when  driven  either  up¬ 
wards  or  downwards,  mull  needs  get  into  the  holes  of  the  next 
leaves;  and  confeqently  cannot  attain  the  given  width  of  thofe 
holes,  but  by  diflending  and  opening  them  hill  more.  Ill  .Whence 
it  follows,  that  in  the  infide  leaves,  the  fpark  mull  grow  continual¬ 
ly  narrower,  and  open  narrower  holes,  lìnee  the  refinance  it  meets 
with  continually  increafes. 

547.  From  thefe  obfervations  it  follow's,  that  in  every  feries  o  1 

leaves  joined  together,  whether  there  be  one,  two,  or  three 

fuch- 
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fuch  feries,  the  fame  phenomena  muft  refult  in  each  of  them  fe¬ 
derally,  that  take  place  in  the  whole  compact  quire  ;  with  this  ad¬ 
ditional  circumftance,  however,  viz.  that  according  as  the  leaves 
will  be  fewer,  the  difference  between  the  internal  and  the  external 
holes  will  be  lefs,  lince  the  external  holes  will,  in  fuch  cafe,  be  dif- 
tended  by  fewer  fucceffive  burs  ;  and  reciprocally,  the  internal 
holes  having  fewer  external  holes  within  which  they  muli  dijpofe 
and  lodge  their  own  bur,  will  the  more  readily  open  and 
widen. 

548.  Meanwhile,  fince  the  explofion  in  contrary  diredions, 
which  in  the  united  quire  is  fingle,  becomes  multiplied  in  the  par¬ 
titioned  quire,  in  confequence  of  the  intervening  of  iufficient- 
ly  thick  firata  of  air,  it  plainly  appears,  that  it  is  the  united  efied 
of  the  fucceffive  refiftances  which  take  place,  that  makes  the  fpark 
ad  back  againft  the  former  half  part  of  the  fame. 

549.  I  take  another  compatì  quire  from  the  ream,  I  few  it  in 
the  fame  manner  as  above,  and  between  the  lixth  and  thefeventh 
leaf,  I  now  infert  a  fheet  of  tin,  like  thofe  ufed  for  looking-glaffts  ; 
and  I  find,  that  the  bare  interpolition  of  this  thin  deferent  fub- 
flance,  is  fufficient  to  caufe  the  bur  around  the  holes,  in  each  of 
the  two  feries  of  leaves,  to  be  direded  into  two  different  and  op- 

^  polite  ways;  the  three  firft  leaves  of  the  upper  feries  have  their 
bur  direded  upwards,  and  the  three  others  have  it  directed 
downwards  ;  the  fame  takes  place  in  the  lower  feries,  only  the 
fpark  ufually  divides  itfelf  within  it,  into  two  or  more  fparks. 
It  is,  however,  neceffary  to  obferve,  that  the  holes  that  took  place 
near  the  intervals  filled  by  air,  in  the  former  experiment,  were 
fmallcr  than  thofe  which  were  rent  near  the  head  of  the  condud- 
ing  bow,  or  near  the  coating  of  the  plate  ;  but  the  holes 
which  are  rent  clofe  to  the  tin  fheet,  in  this  experiment,  are 
equal  to  the  external  ones,  with  refped  both  to  their  width,  and 
the  extent  of  their  bur  ;  this  is  becaufe  the  fpark  can  more  freely 
expand  itfelf  through  the  deferent  metal,  than  through  the  in¬ 
tervals  filled  by  the  moveable  indeed,  but  cohibent  air,  and  the 
tin  fheet  better  interrupts  the  continuation  of  the  refinances  from 
the  fucceffive  leaves  of  paper,  than  a  firatum  of  air  can  do. 

550.  In  the  above  experiment  with  a  metallic  fheet,  we  may 
obferve  how,  to  the  particular  adion  of  the  fparks  againft  the 

quire 
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quire  of  paper,  correfponds  a  particular  reaction  of  the  refilling 
quire  againft  the  fparks,  in  confequence  of  which,  the  latter  re¬ 
main  particularly  narrow  and  condenfated  ;  of  this  a  proof  may 
be  feeft  in  the  above  tin  fheet  itfelf,  which  is  more  completely 
melted  by  the  fpark,  when  it  is  traverfed  by  it  within  the  quire  of 
paper,  than  when  it  is  traverfed  in  the  open  air. 

551.  But  to  return  to  our  principal  point;  when  I  firfi:  exa¬ 
mined  the  kind  of  contraction  that  takes  place  in  fparks  when  paff- 
ing  through  air,  I  thought  it  was  to  be  explained  in  the  fame 
manner  as  the  increafe  of  contraction  that  takes  place  in  them, 
when  fent  through  quires  of  paper  ;  but  confidering  afterwards 
the  fubjedt  more  attentively,  I  could  not  be  fatisfied,  and  propofed 
to  myfelf  the  following  queftions  :  I.  Why  ffiould  not  air  yield 
equally  throughout  its  whole  fubftance?  furely  the  conftituent 
particles  of  it  are  exceedingly  moveable,  and  entirely  free  from 
any  fuch  adherence  to  each  other,  as  obtains  between  thofe^of 
paper.  II.  Ought  not  fparks,  when  contracted  in  air,  to  acquire 
a  greater  denfity,  and  of  courfe  a  more  vivid  light,  in  the  place 
where  fuch  contraction  obtains,  than  in  any  other;  in  the  fame 
manner  as  it  happens  within  the  quire  of  paper,  where  the  fparks, 
by  condenfating  themfelves,  more  completely  melt  the  fheet  of  tin 
than  in  the  open  air?  III.  Does  fuch  contraction  proceed  from 
the  fuperior  rapidity  with  which  fparks  rufh,  when  in  the  middle 
of  their  paflage;  in  the  fame  manner  as  rivers  grow  narrower 
when  their  velocity  increafes  ?  and  is  fuch  rapidity  apt  to  pre¬ 
vent  the  fire  from  making  any  flrong  impreffion  on  our  eyes  ? 

552.  This  I  can  certainly  affirm,  that  the  eledtric  ray  that  paffes 
through  air  extremely  dilated ,  does  not  fuffer  any  contraction  like  that 
' which  fparks  fuff er  when  they  pafs  through  atmofpheric  air  ;  nor  does 
that  ray  Juffer  any  weakening  of  its  light  in  its  middle .  The  ray 
which  in  a  complete  vacuum  pafies  from  the  ball  B  to  the  ball  C 
(PI.  II.  fig.  9.)  an  inch  diftant  from  the  former,  is  perfectly  con¬ 
tinuous,  and  equable  in  its  whole  length:  its  light  indeed  is  much 
inferior  to  that  of  fparks,  but  then  it  is  uniform  throughout  ;  there¬ 
fore,  it  is  evident,  that  the  contracting  and  weakening  of  fparks 
in  their  middle,  whether  apparent,  or  real,  mull  be  attributed  to 

I  i  fome 


242 


ARTIFICIAL  ELECTRICITY. 


fome  particular  action  exerted  on  them  by  the  air  through  which 
they  pafs. 

553.  And  it  is  in  that  view,  that  examining  more  exadtly  the 
light,  which  I  have  called  of  overflow  (142.)  I  found  that  it 
is  not  to  be  imputed  folely  to  the  reaction  of  the  eledtric  fire 
in  the  ball  C,  into  which  the  eledtric  ray  BC  rulhes,  as  I  have 
fuppofed  in  nuin.  146;  but  this  light  (which  is  reprefented  in  the 
fig.  10,  11,  and  12,  pi.  V.)  is  proportioned  to  the  remaining 
quantity  of  air  within  the  receiver,  as  well  as  to  the  quantity 
of  the  fire  which  pafles  through  it;  fo  far,  I  mean,  as  it  relults 
from  the  readtion  of  this  fame  remnant  of  air,  independent  of 
the  readtion  of  the  eledtric  fire  in  the  ball,  into  which  this  fire 
pafles. 

554.  I  think,  however,  that  two  confiderations  of  the  fame 
kind,  as  thofe  with  which  I  explained  the  light  of  dijfujion ,  and 
that  of  overflow  in  dilated  air,  will  alfo  ferve  to  explain  the  pre¬ 
ferii  difficulty,  that  is,  why  fparks  in  atmofpheric  air,  are  larger  at 
both  their  extremities  than  in  their  middle.  Ifa  fmall  quantity  of  fire 
ifluing  from  the  furface  of  a  ball,  is  retarded,  and  in  fome  degree 
kept  back  to  it  by  air  much  dilated,  fo  that  it  fhines  around  the 
ball  from  which  it  proceeds,  why  fhould  not  atmofpheric  air, 
which  is  much  denfer,  alfo  reprefs  and  keep  back  in  fome  degree 
the  copious  fire  of  fparks,  when  this  fire  rufhes  againfl  it  ?  This 
feems  at  leaft  to  be  a  neceflary  confequence  of  the  fame  power  in 
air,  which  caufes  the  accumulation  of  electricity  around  defe¬ 
rent  bodies,  previous  to  its  leaping  from  them,  under  the  fhape  of 
fparks  (553)1  and  the  minute  fparks  which  conftantly  precede  the 
darting  of  the  main  fparks,  confirm  this  conjedture, 

Sect.  IV.  On  the  crooked  direction  of  fparks  acrcfls  air . 

555.  I  flatter  myfelf  that  I  have,  in  num.  516,  517.  fufiicienN 
ly  explained  the  caufe,  and  laid  down  the  law,  of  the  continued  in¬ 
curvation  of  fparks,  which  from  the  furface  of  one  body  run  to 
another  body  prefented  to  it,  in  a  fituation  almoft  parallel. 
I  his  caufe  may  be  exprefled  in  univerlal  terms  ;  whenever  a  flpark , 

being 
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being  determined  by  the  direction  of  its  Jlream  to  move  in  a  right 
line,  meets  with  a  rejijiance  from  air ,  it  deviates  from  its  former 
courfe  towards  fame  other  place  where  it  finds  lefs  refifiance .  This 
istkhe  fame  principle  of  which  I  made  ufe  in  my  firft  Work  on 
Electricity,  in  order  to  explain  the  mutual  divergence  of  the  rays 
that  form  eledric  brufhes.  Prefent,  I  laid,  your  finger  laterally 
and  lbmewhat  underneath,  to  the  eledric  brufh  which  fprings 
from  a  very  (harp  point,  and  you  will  fee  it  bending  and  lengthen¬ 
ing  itfelf  towards  the  tip  of  your  finger,  with  a  continued  incur¬ 
vation  ;  the  reafon  is,  that  as  the  (datum  of  air  through  which  the 
rays  of  the  brufh  endeavour  to  pafs,  is  leffened  by  the  approach  of 
your  finger,  which  prevents  their  deviation  from  each  other,  as 
well  as  their  deperdition,  and  caufes  them  to  (Fetch  and  gather 
towards  your  finger. 

55Ó.  And  would  not  this  principle,  that  air  refills  more  in  pro¬ 
portion  as  the  thicknefs  of  its  (data  increafes,  befides  the  com¬ 
mon  curvature  of  (parks,  alfo  explain  the  complicated  motions  of 
certain  (parks,  which  appear  a9  if  they  were  broken,  and  generated 
by  repeated  refledions  ?  The  French  eledricians  call  them  zig¬ 
zag  (parks;  we  might  -as  juflly  call  them  capricious  (parks,  fince 
they  change  fo  fuddenly  their  diredions,  that  they  appear  to  us, 
who  are  ignorant  of  the  caufe,  as  if  prompted  by  kinds  of  whims. 
We  might  alfo  call  them  hooked  (parks,  fince  their  fucceffive  flafhes 
are  often  inclined  to  each  other,  at  very  acute  angles,  like  hooks. 
In  order  to  inveftigate  whether  there  is  any  regularity  in  thefe 
motions,  feemingly  fo  irregular,  I  (hall  lay  before  the  reader  le¬ 
verai  obfervations  which  I  have  made  on  this  fubjed. 

557.  Fil'd,  I  have  obferved,  that  with  a  feries  of  deferent  bo¬ 
dies  properly  difpofed,  I  may  eafily  render  the  diredion  of  a  (park 
as  crooked  as  I  pleafe  :  it  was  in  this  manner  that  I  reprefented, 
in  num.  539  of  Natur.  Eledt.  the  zig-zag  diredion  of  lightning; 
that  is,  I  made  a  (park  pafs  along  a  feries  of  (mail  metallic 
balls  placed  near  one  another  in  a  crooked  line,  on  a  cube  of  wax. 
At  other  times,  proceeding  on  the  firme  principle,  I  made  the 
(park  pafs  in  the  middle  through  a  feries  of  corners  of  metallic 
(beets,  fo  difpofed  as  to  make  the  fpark  reprefent  in  its  way  let¬ 
ters,  branches  of  trees,  &c.  But  now,  though  it  be  a  fad,  that 
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fparks  will  rulli  to  fuch  deferent  bodies  as  lie  in,  or  near,  their 
way,  yet  the  fuppofition  of  a  fortuitous  difpofition  cf  deferent  bo¬ 
dies,  does  not  completely  account  for  the  particular  mode  of  the 
diredion  of  thofe  fparks  which  we  have  called  zig-zag  fparks  ;  ."he 
above  mentioned  motions  of  fparks  towards  deferent  bodies,  con- 
flantly  appear  to  be  only  continued  progreffions  of  the  fame  to¬ 
wards  a  given  point,  through  the  lead;  refilling  medium  ;  but  their 
zig-zag  motions  feem  as  if  they  were  the  effeds  of  refiflances  that 
adually  repercufs  thofe  fparks,  and  throw  them  back. 

558.  Secondly,  I  obferve,  that  it  feems  that  the  interven¬ 
tion  of  deferent  bodies,  rather  hinders  than  favours  the  zig-zag 
diredion  of  fparks.  When  I  prefent  a  deferent  body  laterally  to 
the  palfage  of  a  fpark,  the  latter  zig-zags  lefs  than  it  otherwiie 
would  do.  Lightning,  when  it  rulhes  through  the  body  of  a 
cloud,  has,  at  moft,  a  flight  flexure  in  its  diredion,  and  no  zig¬ 
zag  takes  place  in  its  motion;  the  deferent  cloud  affording  to  it 
a  paflage  continued  enough  for  it  to  run  in  a  ftrait  line,  or  nearly. 
Flafhes  which  rufh  through  bodies  of  clouds,  exhibit  the  ap¬ 
pearance  of  long  redangular  bands;  and  they  feem  to  zig-zag  in 
thofe  places  only  where  they  rufh  through  trads  of  air  that  are 
free  from  any  great  quantity  of  deferent  vapours.  I  often  difcharge 
the  coated  plate  AB  (PI.  VI.  fig.  9.)  through  a  drop  of  mercury, 
which  I  place  on  the  naked  margin  HC;  and  I  find  afterwards 
that  the  paflage  of  the  fpark  is  marked  by  the  effluvia,  or  fumes 
of  the  mercury,  which  the  fpark  has  left  imprinted  on  the  plate; 
this  track  indeed  is  fomewhat  tortuous,  but  lefs  fo  than  that  of 
fuch  fparks  as  pals  diredly  through  air,  without  the  aflillance  of 
any  vehicle. 

559.  As  a  confirmation  of  this  principle,  that  fparks  and  light¬ 
ning  zig-zag  mofl  when  they  pafs  through  air  free  from  vapours, 
I  obferve,  in  the  third  place,  that  either  in  the  air-pump,  after 
the  air  has  been  accurately  drawn  off,  or  within  the  pretty  large  balls 
of  my  barometer,  fparks  never  have  the  leaf!  zig-zag  appearance: 
it  is  true,  I  fpoke,  in  num.  283,  of  flafhes  of  fire  which  moved, 
with  a  flexuous  motion  within  a  glafs-bell  emptied  of  air;  but  I 
obferved,  at  the  fame  time,  that  thefe  flafhes  flowed  clofe  to  the 
inner  furface  of  the  bell  (284),  and  that  this  was  owing  to  the 
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tortuous  difpofition  of  fome  parts  of  that  furface,  which  being 
lefs  reffling  than  the  reft,  invited  the  fire  thus  to  wind  clofe  to 
them.  I  even  can,  at  pleafure,  produce  fuch  a  ftexuous  motion 
of  the  eledtric  fire  as  I  mention  here  ;  I  raife  the  rod  A  B  (PI. 
IV.  fig.  12.),  fo  that  it  remains  at  a  confiderable  diftance  from  the 
bafon  ;  then,  with  my  wetted  finger,  I  defcribe  a  crooked  line  on 
the  glafs-bell,  which,  from  the  brafs  armature  of  its  neck,  reaches 
down  to  the  bafon  ;  and  I  immediately  fee  that  the  eledlric  fire 
begins  to  wind  about,  clofe  to  the  inner  furface  of  the  bell,  cor- 
refpondently  to  my  finger  ;  this  fire  being  now  enabled  to  adhere 
and  accumulate  itfelf  on  this  inner  furface,  becaufe  it  now  can, 
through  the  deferent  dampnefs  affixed  to  the  outfide  of  the  bell, 
drive  fome  fire  from  that  outfide.  But  when  the  ray  within  the 
bell  is,  as  it  were,  left  to  itfelf,  and  the  air  is  accurately  drawn, 
from  the  bell,  then  this  ray  runs  between  the  two  balls  B,  C, 
(PI.  II.  fig.  9«)  in  a  diredt  line.  If  the  two  balls  be  removed  to  a 
greater  diftance  from  each  other  (PI.  IV.  fig.  6.),  and  the  remnant 
of  air  be  fomewhat  confiderable,  then  the  ray  will  indeed  fail  in 
its  middle,  and  divide  at  its  extremity,  but  its  zig-zag  motion 
will  only  begin  to  take  place  when  a  very  confiderable  quantity  of 
air  has  been  let  into  the  receiver.  Now,  do  not  thefe  fadts  render 
it  manifeft,  that  the  zig-zag  directions  of  [parks  chief y  arifefrom  the 
reati  ion  of  the  air ,  againf  them ? 

563.  But  how  can  we  afcertain  the  precife  degree  of  this  re- 
adtion,  which  is  neceftary  to  begin  to  produce  the  zig-zag  mo¬ 
tion  of  fparks,  fince  their  continuous  incurvated  diredtion  has 
been  proved  to  be  alfo  the  effedt  of  this  readtion  ?  With  re- 
fpedt  to  that,  I  firft  obferve,  that  in  eledtric  brufhes,  there  is 
not  the  leafl  appearance  of  a  zig-zag  motion  ;  now,  how  does  it 
come  to  pafs  that  the  fparks  which  form  thofe  brufhes,  thus  rufh. 
through  a  long  tradì  of  air,  and  yet  are  never  thrown  back,  but 
only  continuoufly  incurvated  ? 

561.  To  this  obfervation  we  may  add  this  other,  which  is  am 
exception  to  the  former,  viz.  that  fparks  which  move  with  in¬ 
curvated  diredtions,  are  not,  however,  always  without  fome  ap¬ 
pearance  of  a  zig-zag  motion.  Thofe  fparks  which,  from  the 
CQndu.dl.or,,  leap  to  the  knuckle  of  my  finger,  or  to  the  head  of  at 
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cylinder  prefented  to  the  conductor,  in  a  fituation  almoft  parallel  to 
it,  always  exhibit  fonie  zig-zag  motion  mingled,  as  it  were,  with 
fhcir  incurvated  progreflion  ;  as  for  brufhes,  they  conftantly  bend 
themfelves  towards  my  fìnger,  in  a  regular  manner,  and  without 
any  tortuofity,  .only  the  neareft  rays  bend  themfelves  mod;;  thofe 
which  are  fartheft,  lead;  of  all» 

562.  It  appears  that  it  is  the  rapidity  of  the  blow  fir  nek  by 
/parks  again jl  the  air ,  which  canfes  the  latter  to  flop  their  courfe  9  turn 
them ,  and repercufs  them  ;  in  the  farne  manner  as  the  rapidity  of  the 
blow  of  aftkk  againft  water,  caufes  it  to  jump  back  ;  or,  in  the 
fame  manner  as  water  put  in  a  piftol,  and  fhot  out  of  it,  is  reper- 
cufled  back  by  the  air  it  drikes  againft. 

563.  In  fadt,  Ì  obferve  in  the  fixth  place,  that  fuch  fparks  as 
are  thrown  with  a  greater  force  than  others,  and  are  confequently 
enabled  to  rufh  through  longer  tradts  of  air,  alfo  exhibit  more 
complicated  zig-zags,  and  deviate  from  their  right  courfe  through 
longer  fpaces  and  with  longer  dailies,  than  others  do;  this  is  ren¬ 
dered  evident,  by  obferving  the  different  diredtions  of  light¬ 
ning,  and  even  of  eledtric  fparks  when  their  intenfity  is  in- 
creafed. 

564.  It  appears  befides,  that  air,  in  confequence  of  its  move- 
ablenefs,  is  peculiarly  apt  to  repercufs  fparks,  and  turn  them  out 
of  their  right  courfe  through  hooked  diredlions.  My  reafon  for 
thinking  fo,  is,  that  fparks  fent  through  mediums  more  compadf, 
but  then  of  another  nature  than  air,  allume  no  fuch  hooked  mo¬ 
tions.  Once,  in  very  favourable  weather,  I  fent  the  difcharge  of 
my  three  large  cryftal  jars  through  fix  quires  of  paper  ditched  to¬ 
gether  ;  and,  examining  them  afterwards,  I  found  that  the  long 
hole  made  thro’ugh  them  was  in  a  ftrait  line,  that  is  to  fay,  the 
great  lateral  reffiance  of  the  paper  had  kept  the  /park  in  its 
jtrait  courfe  ;  whereas ,  the  moveablenefs  of  the  particles  of  air , 
ahows  fparks  to  run  through  different  tracks  of  the  fame9  when 
1  epei  cuffed  in  confequence  of  the  violence  of  their  own  motion. 

565.  Laftly,  it  has  appeared  to  me,  that  fuch  fparks  as  oblique-' 
ly  iufh  againlf  air,  exhibit  a  ftill  more  complicated  hooked  direc¬ 
tion  than  others  do;  the  reafon  of  which,  I  think,  is,  that  as  the 
bream  of  fire  ftrikes  unequally  againft  air,  it  is  more  eafily 
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turned  out  of  its  right  courfe  towards  that  place  where  it  flrikes  with 
the  lead  force,  than  towards  any  other.  The  truth  of  this  obfervation 
I  commonly  inveftigate  by  means  of  the  following  experiment  :  I.  I 
adapt  to  the  conductor  Y  (PI.  X.  fig.  i.)  a  brafs  rod  AB,  two 
lines  thick,  and  rounded  at  its  extremity.  II.  On  the  fupport  of 
glafs  U,  I  faflen  horizontally  another  fimilar  rod  C  D,  which  is 
likewife  rounded  in  C  ;  I  difpofe  this  fecond  rod  in  fuch  a  manner, 
that  it  be  fome  few  lines  lower  than  the  end  B  of  the  rod  AB,  and 
its  end  about  fixteen  lines  diftant  from  it.  III.  Then,  as  often  as 
the  condu&or  Y  has  again  received  a  charge,  I  prefent  my  finger 
to  the  end  D  of  the  rod  CD;  when  fparks  take  place  in  BC, 
which  are  the  more  crooked,  as  their  paflage  is  rendered  longer. 
Thefe  fparks  are  ufually  thrown  from  B  with  a  kind  of  a  down- 
ward  direction,  but  they  immediately  bend  their  courfe  towards 
the  other  rod,  and  after  this  firft  curvature,  which  is  rather  of  a 
continuous  kind,  their  direction  becomes  remarkably  crooked. 

566.  I  diali  here  propofe  a  queftion  ;  why  does  the  fpark  after 
being  reperculfed  towards  B,  yet  continue  to  move  towards  C  ? 
This,  no  doubt  happens,  becaufe  in  A  B  there  is  always  a  remnant 
of  excefs,  which  preferves  a  degree  of  tendon  in  the  fire  of  the 
ambient  air,  and  the  confequence  of  this  tenfion  is,  that  the  fpark 
is  again  repelled  ;  in  fa <51,  we  diali  foon  fee,  that  ele&ric  brufhes, 
which  may  w'ith  truth  be  confidered  as  aggregations  of  infi¬ 
nitely  finali  fparks,  are  repercufied  and  made  to  deviate,  when, 
they  meet  with  redundant  atmofpheres. 

567.  To  which  add  this  other  confideration,  viz.  that  the  redun¬ 
dant  atmofphere  around  the  rod  AB,  and  much  more  lo,  the  effi¬ 
ciency  of  the  fpark  itfeif  when  it  leaps,  always  drive  fome  na¬ 
tural  fire  both  from  the  furface  of  the  rod  C  D,  and  from  that  of, 
the  air  contiguous  to  it  ;  fo  that  the  tenfion  of  the  natural  fire  in 
the  air  immediately  contiguous  to  the  rod  CD,  becomes  lelfened,. 
and  this  air  thusoppofes  iefs  refiftance  than  any  other  place  does,  to, 
the  paffing  fpark  ;  thus  we  have  feen,  that  brufhes  always  deviate 
towards  deficient  atmofpheres  (115). 

568.  I  once  flattered  myfelf,  that  I  could  be  able  to  direft,  at 
my  pleafure,  the  pafiage  of  the  fpark  BC  (PI.  X.  fig.  1.)  by  means 
q.£  the  atmofphere  of  a  charged  bottle  ;  but  I.perceived,  that  fuch 

atm  ofp  here 


atmofphere,  by  its  increafing  the  contrary  electricity  in  the  rod 
C  D  which  I  touched,  ferved  more  to  favour  the  direction  of  the 
fpark  towards  C,  than  to  make  the  fame  move  in  zig-zag. 
When  1  held  the  bottle  pretty  near  the  middle  point,  between  B 
and  C,  then  the  fpark,  whether  I  gralped  the  belly  of  the  bottle, 
or  held  the  fame  with  an  infulating  handle,  leaped  to  the  hook,  con¬ 
cealed  itfelf  in  it,  and  thence  leaped  to  the  head  C  of  the  other  rod. 
From  the  interpofition  of  the  deferent  hook,  the  fpark  indeed  was 
enabled  to  run  through  a  longer  trad  than  it  would  otherwife  have 
done,  but  then  it  had  a  lefs  crooked  diredion  than  common, 
in  each  of  its  two  partial  padages.  When  I  grafped  the 
belly  of  the  bottle,  the  fpark  leaped  to  a  dill  greater  didance, 
and  the  bottle  at  the  fame  time  was  difcharged  ;  it  feemed  as  if  the 
hook  of  the  bottle,  by  its  more  intenfely  introducing  a  contrary 
eledricity  in  the  rod  C  D,  quickened  the  paflage  of  the  fpark 
from  B  ;  and  reciprocally,  the  paflage  of  the  latter  quickened  the 
difcharge  of  the  bottle. 

Sect.  V.  On  the  divifion ,  and  on  the  union  of  [parks  acrofs  air ,  and 

particularly  on  the  divifion  with  circles  and  rings ,  obferved  by  Dr, 

Priejiley, 

569.  If  a  f parky  in  the  aft  of  its  paffing  through  a  r  effing  medium , 
meets  with  a  deferent  body ,  which ,  not  being  of  itfelf fujficiently  continu¬ 
ed,  yet  is  offuch  a  nature,  that  the  fpark  may  explode  it  into  a  num¬ 
ber  of  particles,  fo  that  the  fum  of  the  fever  al  intervals  that  will  after¬ 
wards  take  place  between  thofe  particles,  oppofe  a  lefs  refijlance  th-in 
that  oppofe  d  by  the  fpace  of  air  which  the  fpark  mufl  otherwife  run 
through ,  the  fpark  will  ad  unity  explode  that  body,  and  pafs ,  divided, 
through  its  particles. 

570.  I  demondrated  the  reality  of  this  law,  by  placing  a  fheet 
of  tin  in  the  middle  of  a  quire  of  paper.  I.  The  fpark  bores  a 
bngle  hole  in  thofe  leaves  which  lie  between  the  conduding  bow 
and  the  metallic  fheet.  II.  But  in  thofe  leaves  which  lie  between 
that  fheet,  and  the  ample  furface  of  the  coating  of  the  plate  on 
which  the  quire  is  placed,  it  al  mod  always  divides  itfelf  into  two, 
three,  or  more  fmall  fparks,  each  of  which  opens  a  particular 
padage  to  itfelf  through  the  quire.  III.  When  I  afterwards  care¬ 
fully 
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fully  examine  thofe  leverai  holes  that  have  been  made,  I  find  that 
they  have  been  made  in  thole  places  when  the  leaves,  either  on 
account  of  their  thinnefs,  or  lefs  compad;  texture,  oppoied  the 
lead  refiftance)  and  that  in  thofe  places  where  the  larged  holes 
were  made,  fuch  circuimlances  plainly  appeared  to  have  taken 
place,  as  mu  ft  have  made  the  leaves  to  yield  more  readily  than 
in  any  other  part.  IV.  So  that  I  have  at  times  amufed  myfelf  in 
marking  out  before-hand  the  places  of  the  holes,  either  by  bor¬ 
ing,  or  by  rafping,  or  wetting,  fome  of  the  leaves.  In  order  to 
make  the  above  experiment,  I  flitch,  as  I  mentioned  before,  the 
quire  of  paper  ;  but  then  it  is  necefiary  to  fallen  the  tin  fheet  with 
wafers,  elfe  the  fpark  is  fure  to  pafs  through  the  holes  of  the 
flitches. 

571.  When  the  quire  of  paper  has  been  placed  on  that  furface 
of  the  coated  plate  which  is  charged  by  excefs  ;  then,  at  the  ap^ 
proach  of  the  conduding  bow,  it  is  no  longer  a  fpark  that  divides 
itfelf,  but  a  number  of  fmall  fparks  which,  from  the  fheet  of 
tin,  gather  and  unite  towards  the  head  of  the  conduding  bow  : 
and  the  caufes  and  laws  of  thefe  anions  of  fparks  are  reciprocally 
the  fame  with  thofe  of  their  divifions. 

572.  Nor  is  it  abfolutely  necefiary,  in  order  that  the  fpark  may 
divide  itfelf,  that  the  tin-fheet  fhould  be  inclofed  in  a  quire 
of  paper.  Once,  difeharging  a  battery  of  three  large  jars 
through  a  tin-fheet,  I  obferved  that  it  was  not  only  melted  in 
that  place  through  which  the  main  fpark  had  pafied,  but  that 
many  lucid  points  had  taken  place  around  the  main  hole;  and 
among  thefe,  one  had  been  melted  quite  through,  fo  that  the  Iheet 
was  bored  in  that  place.  Sending,  at  another  time,  a  like  difeharge 
through  a  fimple  leaf  of  paper,  I  obferved  that  befides  the  princi¬ 
pal  hole  rent  in  it,  there  were  feveral  other  very  fmall  ones  ;  though 
they  were  difpofed  without  any  apparent  order. 

573.  Hence  I  concluded,  that  fparks  are  aggregations  of 
many  other  fmall  fparks,  and  that  the  copious  fire  of  which 
the  larger  fparks  are  formed,  throws  around  them  a  number  of 
fmall  ones. 

574.  It  was  only  aft^r  reading  the  experiments  of  Dr.  Prieftley, 
that  I  obferved  the  circles  and  rings  that  take  place  on  balls  of 
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glafs  broken  by  fparks.  That  Gentleman  was  the  firft  who,  draw¬ 
ing  fparks  from  a  battery  of  forty  fquare  feet  (p.  699.),  found 
that  the  main  fpark  divided  itfelf  into  a  number  of  finali  ones, 
obferving  the  following  order.  I.  Some  of  thefe  fmall  fparks  bored 
a  number  of  fharp  cavities  in  the  glafs,  the  aggregation  of  which 
formed  a  circular  fpot.  II.  Other  fparks  bored  around  the  faid 
fpot,  other  cavities  that  formed  a  circle,  or  ring,  concentric  toit.  III. 
On  tin  fheets,  as  they  were  more  eafily  melted,  an  additional  con¬ 
centric  ring  took  place. .  IV.  On  the  compound  fubflance  men¬ 
tioned  by  Dr.  Prieflley,  which  diffolves  in  boiling  water,  a  third 
ring  was  to  be  perceived.  V.  The  cavities  in  the  middle  fpot 
were  deeper  (to  me  it  has  appeared  that  they  are  alfo  larger)  than 
in  the  fucceffive  concentric  rings.  VI.  In  fuch  metals  as  are  eafi- 
ly  melted,  the  cavities  were  deeper.  VII.  The  circular  fpot,  and 
the  rings  made  on  different  metals  were  equal,  only  fome  fmall 
difference  in  their  fizes,  arofe  from  the  difference  in  the  fizes  of  the 
cavities,  by  which  they  were  refpe&ively  formed  :  I  will  add 
here,  that  I  have  alfo  obferved,  that  intenfe  fparks  (and  much 
more  fo  ftrokes  of  lightning),  melt  a  much  more  confider- 
able  part  of  the  furface  of  a  fheet  of  lead,  than  of  a  fheet  of  tin. 
Dr.  Prieflley  has  made  fo  many  other  experiments,  that  he  has 
greatly  confirmed  my  conjectures  with  regard  to  the  production  of 
jnchanted c ircles  (See  Atmof.  Terr.  Eleffi.  pag.  215.)  I  will  endeavour 
to  repay  the  fervice  by  trying  to  explain  the  nature  and  caufes  of 
thofe  circles  which  he  has  difcovered. 

575.  I.  Though  the  intenfe  fpark  fent  by  Dr.  Prieflley  feems 
to  leap  in  an  indivifible  inflant,  yet  its  parts  in  reality  fucceed 
one  after  the  other.  IT.  The  firft  part  of  it  rufhes,  1  think, 
from  that  part  of  the  convexity  of  the  conducting  bow  which  lies 
nearefl  to  the  coating  of  the  plate,  and  produces  the  middle  circu¬ 
lar  fpot;  but  as  this  fame  part,  by  leaping  firft,  ftrikes  againfl 
the  air  with  prodigious  rapidity,  and  as  the  latter  cannot  imme¬ 
diately  give  way  all  arcund,  there  refults  in  the  fire  a  momentary 
increafe  of  denfity.  IV.  The  remnant  of  the  fpark,  which  is  kept 
back  by  the  foremofl  portion  of  it  proportionally  to  the  refiftance 
which  it  meets,  is  refufed  admittance  by  the  flratum  of  conden- 
fated  air  which  furrounds  this  foremofl  portion,  and  is  thus  led  to 
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pafs  through  the  next  ftratum;  whence  refults  the  firft  ring  around 
the  circular  fpot  :  an  explanation  of  the  fame  kind  may  be 
given  for  all  other  additional  rings  that  may  take  place  around  the 
former. 

576.  From  the  rapid  ftroke  of  fparks  againft  the  air,  fonorous 
undulations  of  the  latter  mud  needs  arife;  hence  the  loud  cracks 
which  ftrong  fparks  always  produce. 

577.  Dr.  Prieftley  has  alfo  fent  intenfe  fparks,  like  thole  above 
mentioned,  through  air  brought  to  a  denfity  double  to  its  common 
degree,  and  found  that  the  circles  were  both  lefs  diftindt  and 
narrower,  than  thofe  made  in  atmofpheric  air.  Air,  when  denfer, 
mull  needs  oppofe  a  greater  refinance  to  fparks,  and  thus  deaden, 
as  it  were,  their  efficiency;  hence  I  have  found,  and  I  think  Dr. 
Prieftley  has  obferved  the  fame,  that  the  above  circular  impref- 
fions  were  deeper  when  the  ball  of  the  conducting  bow  was  in  con¬ 
tadi  with  either  of  the  coatings,  than  when  both  balls  were  kept  at 
fome  diftance  from  them,  and  the  fparks  thereby  obliged  to  run 
through  fome  confiderable  ftratum  of  air;  it  indeed  feems,  that  a 
denfer  ftratum  of  air  weakens  a  fpark  in  an  equal  degree,  with  a 
higher  ftratum  of  the  fame. 

o 


CHAP.  II. 

On  fparks,  relative  to  water,  and  other  liquids. 

578.  T  Think  that  the  effedts  of  the  eledtric  fire  on  water,  may 
I  be  reduced  to  the  following  principle  :  I.  fhe  pores  of 
water  are  of  lefs  capacity  for  conducing  the  eie  Brie  fire  than  thofe  of 
metals.  II.  Eie  dì  rie  fire  not  only  tends  to  fep  arate  the  particles  of 
water,  and  to  fcatter  them  into  vapour ,  as  com?non  fire  does  ;  but  it 
moreover  ejf'eBs  this  with  a  rapidity  proportioned  to  the  peculiar  ra¬ 
pidity  with  which  it  moves. 

^79.  From  thefe  principles  it  follows:  I.  f  hat  eleBric  fire  tends 
to  propagate  itf elf  chiefly  near  the  furf ace  of  water  :  the  reafon  is, 
that,  feeking  to  diffufe  itfelf  through  the  paftage  ot  leaft  refiftance 
within  the  water,  it  muft  move  near  its  furface,  becaufe  the  par¬ 
ìe  k  2  tides 
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tides  of  the  water  will  there  refill:  lefs  again  ft  being  feparated,  and  its 
pores  againft  being  opened.  According  as  the  eie  Brie  fire  will  he  obliged 
to  pafs  through  water ,  at  a  greater  depth  under  its  furface,  the  weight 
of  the  column  which  it  mult  then  raife,  will  increafe,  and  of  courfie  alfo 
thè  refifiance ,  which  it  mufi  furmount  to  force  open  the  pores  of  the  water . 

580.  It  follows,  in  the  fecond  place,  that  the  eledric  fire  when 
compelled  to  pafs  through  a  body  of  water,  will  exhibit  various 
phenomena,  according  to  the  amplenefs  and  the  length  of  its 
pillage,  and  alfo  according  to  its  own  quantity  and  denfity.  Let 
the  body  of  water  to  be  traverfedy  be  both  narrow  and  long  ;  it  will  oh- 
firudl  the  pajfage  of  the  fire  proportionally  to  thofe  two  circumfiances  ; 

the  reafon  is,  becaufe  in  confequence  of  the  narrownefs  of  the 
body  of  water,  its  pores  will  be  proportionably  fewer  ;  and  fince 
the  refifiance  of  any  medium  increafes,  as  I  have  before  demon  firat- 
ed,  in  proportion  with  the  length  of  it,  the  refifiance  oppofed  by 
the  above  body  of  water,  will  alfo  increafe  in  proportion  with 
its  length  ;  hence  it  follows,  that  a  given  quantity  of  fire  will, 
through  a  narrow  and  long  body  of  water,  pafs  divided,  and  with 
difficulty. 

581.  Let  the  above  body  of  water  remain  of  the  fame  length,  but 
let  its  width  be  increafed  ;  then  the  number  of  the  deferent  pores  in 
it  will  increafe  proportionally,  and  the  refifiance  oppofed  by  it  alfo 
proportionally  decreafe  ;  therefore,  the  fire  will  pafs  through  it 

more  inflantaneoufiy  and  more  compad,  than  formerly. 

582.  Let  the  length  of  the  furface  of  the  water  be  lefiened, 
the  refifiance  arifing  from  this  length  (which  even  in  metals  is 
pretty  confiderable),  will  alfo  be  proportionally  lelfened  ;  confe- 
quently  the  divifion  of  the  fire  will  alfo  be  lefs  than  formerly,  and 
it  will  pafs  more  united  and  compad.  If  the  length  of  the  body 
of  water  is  lefiened  beyond  a  certain  degree,  fo  that  the  quantity 
and  denfity  of  the  fire  may  divide  it  with  fufficient  violence,  and 
fcatter  it  into  vapour,  this  will  increafe  the  union  of  the  fpark  in  a 
peculiar  manner:  the  reafon  is,  becaufe  fuch  vapour  will,  in  an 
infiant,  expel  the  ambient  air,  and  effed  a  kind  of  vacuum 
through  which  the  fire  will  rudi  the  more  united  and  compad;  which, 
at  firfi  fight,  appear  repugnant  to  the  former  fads  :  thus,  a  little 
mefifiure  fpread  over  a  fpace  of  a  few  inches,  will,  condud  in  a  very 

compad:, 
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compad  united  manner,  the  fame  diicharge  of  a  battery  as 
would,  if  fent  through  a  fur  of  water  nine  inches  long,  grow  divided, 
and  produce  in  its  paffage  a  rattling,  or  noife  more  or  lefs  con¬ 
tinued. 

583.  But  in  all  thefe  phenomena  feveral  various  accidents  will 
be  complicated  with  the  former,  according  as  the  quantity 
and  denfity  of  the  fire  which  will  be  fent  through  the  water,  fhall 
vary.  A  quantity  of  fire  that  is  only  adequate  to  the  capacity  of 
the  pores  of  a  given  body  of  water,  will  pafs  through  the  water 
without  fenfibly  diftending  its  pores,  without  lightning,  without 
cracking,  and  without  being  fenfibly  retarded.  But  more  denfe 
and  more  copious  fire,  in  proportion  as  it  will  exceed  the  capacity 
of  thofe  pores,  will  be  proportionally  more  retarded,  will  difiend 
more  pores,  will  emit  a  more  vivid  light,  and  produce  a  brifker 
cracking;  nay,  it  may  produce  all  thefe  eifieds,  or  even  explode 
the  water  into  vapour,  through  the  body  of  water  may  be  rendered 
even  longer  and  ampler  than  formerly. 

584.  The  above  obfervations  will  account  for  all  the  different 
phenomena  exhibited  by  the  eledric  fire,  in  his  pafiage  through 
water,  or  other  liquids.  Endeavouring,  in  the  chap.  VI.  of 
Art  if.  EleEf.  to  confute  the  common  opinion  of  thofe  philofophers 
who  compared  the  conducing  property  of  water  to  that  of  metals, 

I  obferved  firft,  that  a  tube  of  glafs,  frefh  taken  from  the  dew, 
tranfinitted  only  weak  figns  of  eledricity  to  a  Chain,  when  com¬ 
pared  to  thole  tranlmitted  by  the  fame  tube,  when  a  very  narrow 
firipe  of  metal  had  been  pafied  to  it.  Likewife,  when  the 
firings  with  which  I  fufpend  my  condudors,  are  in  any  degree 
damp,  or  when  the  ambient  air  is  damp,  I  ft i  11  continue  to  be  able 
to  draw  fparks  from  the  condudors  ;  nay,  though  the  rofin  cake, 
on  which  the  Franklinian  iron  rod  is  placed,  may  have  be¬ 
come  intirely  wet,  yet  the  rod  ftill  continues  to  afford  firong 
fparks* 

585.  That  is  to  fay,  the  very  thin  fuperficies  of  dewy  moifture* 
which  furred  the  long  flender  tube  of  glafs,  could  only  con- 
dud  little  fire  to  the  Chain  ;  the  damp  firings,  and  the  damp  air, 
could  not  difiipate  the  whole  fire  raifed  on  the  condudors  ;  and 
a  great  part  of  the  copious  quantity  of  fire  which,  from  the 

clouds.*, 
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clouds,  rulhed  into  the  Franklinian  iron  rod,  could  not  be  dif- 
charged  through  the  thick  fur  of  water  that  covered  the  rofm 
cake  under  it  ;  all  which  was  evidently  owing  to  the  pores  of  water 
being  of  a  much  lefs  capacity  for  conducing  eleCiric  fire,  than  thofe 
of  metals. 

586.  In  the  following  chapter  I  continued  the  fame  experiments 
by  attempting  to  difcharge  a  coated  plate  through  water.  I. 
Through  a  thin  ftratum  of  water,  fpread  on  a  plate  of  glafs  two 
lines  wide,  and  fix  inches  long,  the  fpark  pafied  divided,  with  a 
continued  rattling,  and  produced  a  light  that  might  eafily  be  per¬ 
ceived  in  the  dark.  II.  The  water  contained  in  a  veflel  two  inches 
wide,  and  fix  inches  long,  tranfmitted  the  difcharge  to  me,  with 
a  very  weak  fpark.  III.  The  ample  furface  of  the  water  contain¬ 
ed  in  a  common  di(h,  tranfmitted  to  me  a  fironger  fpark.  IV.  When 
I  repeated  the  experiment  by  fending  the  difcharges  through  my 
body,  I  was  ftruck  by  them  proportionally  to  the  union  of  the  light 
and  of  the  fparks  ;  a  difcharge  with  bare  rattling ,  without  fparks, 
gave  me  no  fhock  ;  fuch  difcharges  as  fparkled  more  or  lefs, 
flruck  me  accordingly. 

587.  Now,  if  thofe  experiments  are  combined  with  thofe 
made  on  lakes  and  rivers,  by  Meflrs.  Jallabert,  Monnier,  and  Frank¬ 
lin  (which  I  have  repeated  on  the  furface  of  the  Po),  and  in  which 
ftrokes  pretty  confiderable  were  always  obtained,  we  may  conclude 
this,  that  in  the  above  mentioned  ftratum  of  water  two  lines  wide, 
and  fix  inches  long,  the  total  capacity  of  the  pores  apt  to  con¬ 
duct  the  electricity  was  extremely  fcanty  ;  hence  the  fire  be¬ 
came  much  divided,  and  produced  a  rattling  noife,  and  fome  light, 
as  it  diftended  the  fuperficial  pores  cf  the  water;  for  rattling 
and  lightning  always  takes  place  when  the  eleCtric  fire  difplaces 
and  drives  the  particles  of  any  refilling  medium.  But  in  the  lmall 
veflel  above,  in  the  dith,  in  rivers,  the  difcharge  pafled  lefs  divid¬ 
ed,  in  proportion  as  the  deferent  ftrata  of  water  were  become 
more  numerous  ;  that  is,  in  proportion  as  the  refiftance  it  met,  was 
become  lefs. 

588.  In  the  fame  chapter  I  proceeded  farther,  and  attempted  to 
difcharge  a  coated  flieet  through  water  inclofed  in  a  fender  tube 
of  glafs  fix  inches  long,  and  the  third  part  of  a  line  wide  ;  and  I 
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never  could  obtain  either  fparks,  cracks,  or  light.  I  inferted 
brafs  wires  into  the  tube,  and  fixed  them  at  a  little  diflance  from 
each  other,  but  it  was  only  when  the  difiance  between  them 
was  made  fo  (hort  as  the  third  part  of  a  line,  that  the  difcharge 
was  able  to  pafs  intire  and  compad:,  and  produced  a  loud 
crack,  though  lefs  fo  than  one  produced  by  a  difcharge  fent 
through  the  open  air.  I.  In  the  interval  between  the  two  wires, 
I  faw  a  vivid  light  take  place.  II.  The  tube  was  broken,  and  a 
piece  of  it  feparated,  which  was  half  an  inch  long,  and  corre- 
fponded  to  the  two  wires.  III.  The  two  main  pieces  of  the  tube 
were  flung  in  oppofite  diredions,  and  the  fhatters  were  flung  be¬ 
yond  them. 

589.  To  underfland  the  above  fads,  we  mufi  confider,  L  the 
narrownefs  and  length  of  the  body  of  water  that  was  inclofed  in 
the  tube,  and  the  degree  of  firength  with  which  the  glafs  tube 
iupported  it.  On  account  of  the  narrownefs  of  the  cylinder  of  wa¬ 
ter,  there  were  in  any  fedion  of  it  made  perpendicular  to  its  axis,  on¬ 
ly  a  few  pores,  and  thefe  too  of  a  fcanty  capacity  for  conduding 
the  eledric  fire.  The  length  of  this  lame  body  of  water  alfo  pro¬ 
portionally  increafed  the  refiflance  of  it  ;  becaule  in  each  fedion 
into  which  we  may  conceive  it  to  have  been  divided,  an  additional 
refifiance  was  oppofed  to  the  fpark,  which  fought  to  pafs  undivid¬ 
ed  :  farther,  the  fupport  from  the  tube  in  which  this  water  was  con¬ 
tained,  did  not  allow  its  pores  to  be  fuddenly  difiènded,  but  with  dif¬ 
ficulty.  Now  the  concurrence  of  all  thofe  impediments  mufi  needs 
have  caufed  the  difcharge  fent  in  the  firfi  infiance  through  the 
cylinder  of  water,  either  to  have  failed,  or  to  have  only  been, 
effeded  in  a  very  divided  manner,  and  without  affording  either 
crack  or  light.  II.  But  when  the  metallic  wires  were  brought 
to  a  fmall  difiance  from  each  other,  then  the  difiance  to  be  fur- 
mounted  being  thereby  proportionally  leflened,  the  fpark  difiend- 
ed  the  pores  of  the  water  with  a  force  fimilar  to  that  of  the  com¬ 
mon  fire,  though  with  an  incomparably  greater  rapidity  ,*  and  the 
water  flying  into  a  vapour  highly  elaftic,  fhattered  the  tube  to 
pieces. 

590.  The  reafon  why  a  fpark  can  pafs  through  a  cylinder  of  in¬ 
clofed  air  much  longer  than  any  one  of  water,,  without  (battering 
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the  tube,  is  owing  to  the  comprejjtbility  of  air  being  fo  much  fu- 
perior  to  that  of  water*),  and  alfo  to  the  prodigious  violence 
with  which  water  flies  into  an  elaflic  vapour.  Dr.  Franklin  repeat- 
jng  this  my  experiment  with  ink  (p.  145  )  could  not  find  the  lead: 
drain  left  bv  it,  on  a  fheet  of  white  paper  on  which  he  had  placed 
the  tubes.  One  day  making  ufe  of  wine  indead  of  ink,  1  found 
the  brafs  wires  inferted  into  the  tube,  covered  with  a  wet  duff  like 
a  fur  of  muftard  ;  and,  another  time,  as  I  have  related,  in  the 
numi  ^97  of  Artif.  Eleft.  I  made  the  experiment  with  a  drop  of  water 
fupported  between  two  iron  points  that-  met  in  the  center  of  an 
al  mod  folid  ball  of  glafs  ;  when  the  latter,  by  the  fudden  explodon 
of  the  water,  was  diivered  to  atoms. 

591.  From  the  numerous  experiments  I  have  made  on  this  fub- 
jedt,  I  conclude,  I.  That  the  didance  between  the  metallic  wires 
being  given,  the  difcharge  meets  with  a  greater  refidance  againfl 
its  paffmg  united,  and  thus  breaking  the  tube,  when  the  latter  is 
clofed  at  both  its  ends  and  completely  full,  than  it  does  either  when 
the  two  openings  of  the  tube  are  left  open,  or  when  being  clof¬ 
ed,  there  remain  at  both  ends,  intervals  filled  by  air.  II.  When 
the  tube  is  open,  it  refids  the  more  the  fpark  in  proportion  as  it  is 
longer  ;  that  is  to  fay,  in  proportion  as  the  two  cylinders  of  water, 
which  the  fpark  mud  drive  od'  on  each  fide  of  the  tube,  when  it  ex¬ 
plodes  the  drop  contained  between  the  two  wires,  are  longer. 

592.  In  my  Work  on  Atmof.  Terr.  Elefit.  I  related  experi¬ 
ments  in  which,  by  making  ufe  of  very  drong  fparks,  I  broke 
tubes  dronger  than  thofe  above  mentioned,  and  drove  their  diivers 
farther  (p.  75).  Nay,  I  have  made  with  fealing-wax,  a  kind  of 
ele&ric  gun,  with  which  I  can  drive  a  leaden  ball  into  a  piece 
of  clay,  and  make  it  dick  to  it.  The  fig.  2.  pi.  X.  reprefents  the 
fe&ion  of  an  eledtric  mortar.  I.  A  H  1  K  is  a  cylinder  of  wax  cut 
at  aright  angle  in  AH;  it  has  in  EF  an  bemifpheric  chamber, 
which  is  dedined  to  receive  the  wooden  ball  P;  in  DL  is  the 
fmall  chamber  for  the  charge.  II.  I  inferi  into  that  cylinder  a 
brafs  wire  B  L,  which  reaches  the  bottom  of  the  chamber  dedined 

#  Accordingto  an  experiment  made  by  Mr.  Canton,  a  given  body  of  water  is  not 
contracted  by  the  whole  weight  of  the  atmofphere,  more  than  ~g  00Vo0o  ’ 
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to  lodge  the  charge.  III.  I  infert  another  wire  topped  with  a  ball 
in  Q^,  the  extremity  D  of  which  gets  into  the  chamber  DL.  IY. 
With  a  pencil  I  place  a  drop  of  water  in  that  chamber,  and  lodge 
the  ball  in  the  great  chamber.  Y.  Ì  lay  the  mortar  on  the  coated 
plate,  and  at  the  fame  inftant  that  I  approach  the  conducting  bow 
in  G,  the  fpark  excited  between  the  two  wires  B  L,  DC,  makes 
the  drop  of  water  fly  into  vapour,  and  drives  the  ball  P  to  the  dif- 
tance  of  twenty  feet.  When  I  make  ufe  of  three  large  charged 
jars,  the  ball  is  driven  fo  far  as  twenty-five  feet  didance  ;  if,  to 
the  drop  of  water,  I  lubditute  a  drop  of  fpirit  of  wine,  the  dis¬ 
tance  to  which  the  ball  reaches  is  dill  greater  ;  and  dill  more  fo, 
if  the  lpirit  of  wine  is  impregnated  with  camphire.  It  appears, 
that  the  inflammability  of  liquors  co  operates  with  the  expanfion 
effeded  by  the  difcharge  ;  yet,  indammable  liquors  being  of 
an  infulating  nature,  oppofe  a  refidance  to  the  paffage  of 
the  fire. 

5Ó3.  Thefe  ludicrous  experiments,  neverthelefs,  explain  the 
mod  admirable  eledrical  phenomena  that  take  place  in  nature  : 
fuch  undoubtedly  are,  I.  The  general  light  diffufed  over  houfes 
covered  with  rain-water,  or  over  the  furface  of  rivers,  where  a 
droke  of  lightning  takes  place.  II.  The  violent  explofion  of  li¬ 
quids  effeded  by  lightning.  III.  The  fhivering  to  pieces  of  the 
fhoes  of  thofe  who  are  ftruck  by  lightning,  which  is  the  effed  of 
themoidure  of  their  feet  flying  into  vapour,  as  alfo  its  rending 
wet  clothes  into  rags.  Nay,  from  thofe  experiments  I  have  drawn 
an  explanation  of  one  of  the  mod  extraordinary  phenomena  in  na¬ 
ture  ;  that  is,  the  fall  of  dones  from  the  iky.  Pythagoras  afferted, 
that  they  came  from  the  fun,  perhaps  becaufe  he  favv  them  to  be 
either  red  or  black,  as  if  they  had  been  burnt.  The  circumdances 
of  the  fall  of  one  of  thefe  dones,  accurately  afcertained  and  trans¬ 
mitted  to  me  by  Monfignor  Fogliani,  bifhop  of  Modena,  has  con¬ 
vinced  me,  that  thofe  dones  are  driven  by  lightning,  exadly  in 
the  fame  manner  as  the  ball  was  flung  from  my  eledric  mortar 
by  the  fpark  ;  but  of  this  I  diali  treat  at  fonie  length  in  my  book 
on  Nat.  Eleff, 

594.  Propofing  now  more  particularly  to  examine  into  the  phe¬ 
nomenon  of  the  running  of  fparks  over  the  furface  of  water,  to 

X.  1  very 


1 


258  ARTIFICIAL  ELECTRICITY. 

very  great  didances,  while  they  open  to  themfelves  but  very  dial- 
low  paflages  through  the  fubdance  of  the  fame,  I  think  I  mud 
make  a  digredion  on  my  former  principle,  that  the  eleftricjire  dif- 
pofes  deferent  bodies  into  its pajfage  ;  this  digredion,  though  it  may 
be  fomewhat  long,  is  neceflary,  becaufe  our  p refen t  fubjedt,.  and  all 
our  fubfequent  experiments  depend  on  it. 

^95.  This  old  principle  of  mine  is  applicable  not  only  to  a  few- 
ele&rical  motions,  but  univerfally  to  all  fuch  as  proceed  from  a 
diffufion  of  the  ele&ric  dre  ;  the  ofcillation  of  eledric  pendulums, 
the  fufpendon  of  corpufcles,  &c.  but  I  diali  for  the  prefent  only 
mention  a  few  of  the  fimpleft  fads.  Rub  foftly  the  glafs  cylinder 
of  the  eledric  apparatus,  and  then  prefent  to  the  condudor  a  ba- 
fon  filled  with  bran,  you  (hall  fee  the  dream  of  eledric  fire  mak¬ 
ing  as  it  were  a  long  row,  or  trad,  with  the  particles  of  the  bran, 
driving  and  difpofing  them  into  its  pafiage. 

596.  In  pag.  52  of  Artif.  Eleff.  I  difcharged  the  coated  plate 
through  a  candle  placed  on  the  plate,  and  the  difcharge  pafied 
through  the  flame,  lengthening  it  into  the  fliape  of  a  T,  by 
expanding  it  towards  the  head  of  the  conduding  bow,  and  towards 
a  ball  of  metal  placed  near  it,  and  raifed  on  the  plate;  that  is  to 
fay,  the  difcharge  difpofed  the  flame  of  the  candle  into  its  pafiage, 
this  flame  being  able  to  tranfmit  it. 

597.  I  have  already  related  the  experiment  made  by  fending  a 
difcharge  to  a  greater  or  lefs  didance,  through  one  or  more  drops 
of  mercury;  the  difcharge  diffufes  itfelf  into  thofe  drops,  and 
drives  them  into  vapour;  part  of  this  vapour,  if  attentively  ob- 
ferved,  is  feen  to  rife  in  the  air  under  the  appearance  of  fmoke,  , 
and  the  other  part  remains  imprinted  on  the  glafs. 

598.  A  difcharge  will  likewife  melt  the  particles  of  hard  metals, 
and  drives  into  its  pafiage  the  deferent  vapours  arifing  from  them, 
and  alfo  fuch  particles  as  are  not  completely  melted.  Place  on 
the  margin  of  the  naked  plate  HG  (PI.  IV.  fig.  9.)  fome  filings  of 
iron  or  of  brafs,  and  fend  through  them  the  drong  charge  of  the 
coated  plate  AB;  you  will  find  the  pafiage  of  the  fire  marked  by 
the  fmutty  track  which  the  effluvia  from  thofe  filings  have  left. 
Lightning  has  alfo  fupplied  me  with  proofs  of  the  truth  of  the  above 
principle,  as  we  fhall  hereafter  fee  in  its  proper  place. 
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599.  Dr.  Prieftley  has  thrown  an  additional  light  on  the  truth 
of  this  fame  principle,  by  feveral  experiments  gf  his  own  inven¬ 
tion,  which  are  contained  in  his  fixth  fedion.  He  has,  for  in- 
Ranee,  fent  difeharges  through  interrupted  tracks  of  brafs  filings,  and 
through  fufpended  drops  of  water;  and  always  the  brafs  filings  mov¬ 
ed  forwards  to  meet  the  next  ones,  and  thus  complete  the  intervals 
left  between  them  ;  and  the  fufpended  drops  aftumed  a  lengthen¬ 
ed  ihape,  driving,  as  it  were  to  join  with  each  other  (after  the 
fame  manner  as  I  reprefented,  fea  trumbs,  in  my  Work  on  Nat, 
Elecf.J2.nd  the  difeharges  were  thereby  enabled  to  run  through 
fpaces  of  two  inches  in  length  ;  whereas,  in  common  air,  they  can¬ 
not  leap  to  a  diftance  greater  than  half  an  inch. 

600.  To  this  fame  principle  muft  be  aferibed  all  the  ingenious 
experiments  made  by  Dr.  Prieftley  in  his  XI.  fedion,  with  refped  to 
the  fending  of  difeharges  along  the  furfaces  of  bodies,  and  efpecially 
of  water  ;  which  is  allo  the  objed  that  I  propofed  here  to  treat. 
The  refult  of  Dr.  Prieftley’s  experiments  (except  fome  particular 
circumftances,  which  I  (hall  explain  in  their  proper  place)  may 
be  reduced  to  the  following  fads  :  he  fent  difeharges  over  the  fur- 
face  of  water,  of  other  liquids,  of  wetted  folid  bodies,  over  the 
furface  of  a  touch-ftone,  and  of  a  fmooth  lump  of  iron  ore,  to  the 
great  diftances  of  feven,  eight,  or  even  eleven  inches. 

601.  Now,  I  do  not  underftand  how  Dr.  Prieftley  happened 
not  to  perceive  the  dependence  of  all  thofe  fads,  on  the  principle 
exprefted  above;  and  that  fparks  were  enabled  to  run  to  fuch  great 
diftances,  along  the  furface  of  thofe  bodies,  by  the  vapour  which 
they  themfelves  excited  as  they  pafted.  I  imagine  his  caution 
againft  forming  any  conjedures  of  that  kind,  proceeded  from 
his  happening  not  to  perceive  any  vapour  arifing  from  a  very  thin. 
Rratum  of  water,  through  which  he  fent  a  difeharge.  Mercury, 
in  winter  time,  is  feen  to  fmoke,  and  leaves  marks  behind  it; 
common  water  leaves  none,  but  will  do  it  if  it  be  coloured. 
With  iilk  firings  I  have  fufpended  to  the  arms  of  a  balance, 
two  thin  fmall  plates  of  glafs  of  equal  weights,  which  ferved 
as  bafons  to  it;  I  wetted  them  both  with  a  pencil,  fo  that 
their  weights  remained  equal  to  one  another;  and  after  fend¬ 
ing  a  difeharge  through  one  of  them,  I  always  found  that 

L  1  2  it 


26o  artificial  electricity: 

it  had  loft  fome  part  of  its  weight,  and  the  other  preponde¬ 
rated.  However,  Dr.Prieftley’s  experiments  prove  this,  that  a. 
very  fmall  quantity  of  moliture  is  fufficient  to  fupply  the  quantity 
of  vapour  required  to  ferve  as  a  vehicle  to  the  eleCtric  fire.  The 
experiments  are  alfo  very  interefting.  which  he  made  with  a  piece 
of  wood  that  had  juft  been  dried  ;  though  the  wood  could  at  fflft 
tranfmit  a  difcharge,  two  hours  after  it  could  no  longer  do  it  ;  the 
fame  may  be  Laid  of  the  experiment  he  made  with  a  bladder; 
both  demonftrate,  that  little  moifture  may  fuffice  to  enable  a  fpark 
to  run  through  a  long  paffage  ;  but  that,  on  the  other  hand,  tnis 
little  is  neceflary. 

602.  The  obfervation  made  by  the  above  ingenious  O b ferve IV 
that  fparks  ran  along  the  furface  of  a  touch-ftone,  and  alio  along 
that  of  a  lump  of  iron  ore,  in  the  fame  manner  as  they  did  along 
the  furface  of  water,  has  probably  been  the  caule  of  the  particular 
opinion  he  has  adopted  on  the  prefen t  fubjeCt.  But  if  he  had  only 
examined  the  places  along  which  thofe  fparks  had  ran,  he  would 
have  feen  their  crooked  way  marked  by  a  continued  track  of  a 
cinereous  dark  colour,.,  which  on  the  touch-ftone  inclined  to  red- 
diib  ;  that  is  to  fay,  the  difcharge  had  in  its  paffage  exploded  a 
certain  quantity  of  metallic  particles  which  abounded  in  the 
above  fubftance,  though  they  were  too  much  parted  from  each 
other  by  terreftrial  and  fulphureous  particles  to  allow  a  free  paf¬ 
fage  to  the  fpark  ;  and  the  latter  had  been  able  to  run  to  a  great 
diftance,  only  by  its  difpofing  metallic  effluvia  from  thofe  particles 
imo  its  way,  in  the  fame  manner  as  it  would  have  done  aqueous 
vapours,  if  it  had  been  fent  over  the  furface  of  water. 

603.  That,  from  a  touch-ftone  metallic  vapours  may  be  raifed 
by  a  fpark,  is  very  probable,  fince  its  black  colour  is  thought  to 
be  owing  to  its  being  replete  with  ferrugineous  particles.  But, 
befides  this  conjecture,  I  have  tried  to  afcertain,  whether  lparks 
can  actually  feparate  the  particles  of  fuch  Itone,  whatever  they  may 
be,  and  difpofe  them  into  their  pafiages  »  I  filed  into  duft  a  bit  of 
touch-ftone,  and  with  this  duft  I  made  a  communication  between 
the  plate  GH  (PI.  IV.  fig.  9.),  and  the  coating  of  the  plate  AB; 
and  I  found,  that  the  fpark  which  I  fent  through  this  track  of 
duft  thus  difpofed,  had  driven  it  away,  and  that  there  only  remained, 
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tnftead  of  the  continuous  track  of  duR,  fmall  interrupted  heaps  of 
it,  the  furfaceof  which  appeared  of  acinerous  colour,  i  blew  them 
away,  and  then  faw  that  theglafs  indeed  was  not  framed  in  the  very 
places  which  thofe  heaps  covered,  but  then  the  ufual  Rain  was  con- 
fpicuous  on  all  the  intervals  that  had  been  left  between  thofe  fmall 
heaps. 

604.  I  make,  with  the  fame  dud,  and  at  a  convenient  dirtance 
from  the  plate  GH,  a  (ingle  fmall  heap  of  it  ;  and  as  foon  as  I  prefent 
the  condu&ing  bow  to  it,  it  is  difiipated,  and  the  Rain  takes  place 
over  the  whole  fpace  between  the  heap,  and  the  edge  of  the  plate. 
Generally  thele  Rains  fail  in  fome  fmall  interval  around  the  top  of 
the  ball  of  the  conducting  bow  ;  becaufe  the  fpark  chufes  in  that 
place  to  go  through  the  ihorteR  paffage  which  is  afforded  to  it  by 
the  convexity  of  the  ball,  and  in  that  place  only,  leaps  through 
the  air. 

605.  From  all  the  above  obfervations  it  is  evident,  that  an 
eledtric  fpark,  when  fomewhat  intente,  drives  not  only  water  in¬ 
to  vapour,  but  alfo  raifes  deferent  vapours  from  Rones  and  iron 
ores,  in  its  paffage  over  thofe  bodies;  and  thus  all  the  experiments 
of  Dr.  Prieflley  contribute  to  evince  the  univerfality  of  the  proper¬ 
ty  of  the  eleCtric  fire,  of  carrying  into  its  paffage fuch  particles  as,  in 
confequence  of  their  dferency,  or  aptnefs  to  explode  the  ref  fling  medium 
in  any  manner  whatever ,  may  facilitate  its  paffage . 

606.  But,  in  order  that  the  extend  vends  of  the  principle  may 
be  adequate  to  that  of  the  fubjeCt,  we  muR  alfo  lay  down  the 
following  rule,  viz.  that  a  fpark  fent  over  the  Jurface  of  a  body ,  al¬ 
ways  will  diffufe  itfeif  into  the  fubflance  of  that  body ,  in  an  inverted 
ratio  to  the  refifance  it  will  experience  from  it . 

607.  A  fpark,  befides  the  refi  Ranee  it  meets  from  the  fuper- 
ficial  particles  of  the  body  which  it  feeks  to  explode,  is  alfo  op- 
pofed  by  the  air  :  it  even  muR  exert  itfelt  the  more  againR  the 
latter’s  refiRance,  in  proportion  as  it  can  lets  penetrate  into  the  fub- 
Rance  of  the  body  over  whofe  furface  it  runs. 

608.  Therefore,  I.  If  the  body  be  of  itfeif  perfectly  deferent, 
the  difeharge  will  wholly  penetrate  through  it,  and  it  will  be  im- 
poffible  to  conduCt  it  along  the  furface  ;  hence  it  is  no  wonder 
that  Dr,  Prieflley  never  was  able  to  make  a  difeharge  run  along  the 
furface  either  of  mercury,  or  melted  lead. 

609.  I  Id 
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609.  II.  But  if  the  inner  fubdance  of  the  body  oppofes  a  great  re¬ 
finance  to  the  fpark,  and,  at  the  fame  time,  if  the  fuperficial  particles 
of  that  body  are  capable  of  yielding  to  the  mechanic  adion,  or  to 
the  penetrating  heat  of  this  fpark,  then  the  latter  being  repercuffed 
by  fuch  inward  refinance,  will  run  along  the  furface,  exploding 
on  the  one  hand  the  refilling  air,  and  on  the  other  hand,  penetrat¬ 
ing  into  the  fuperficial  pores  of  the  body.  And  according  as  the 
particles  of  that  body  will  be  more  eafily  driven  into  vapour  or 
dud,  and,  when  in  that  date,  will  be  more  deferent,  the  fpark 
will  run  to  a  didance  proportionally  greater  than  it  would  be  able 
to  do,  if  it  had  to  open  a  pafifage  to  itfelf  through  unmixed  air, 
without  the  affidance  of  any  vehicle. 

610.  From  thence  we  may  explain  a  variety  of  fads  :  a  did- 
charge  finds  much  difficulty  in  penetrating  to  a  great  depth,  through 
the  fubdance  of  water,  as  is  evident  from  the  above  experiment  of 
the  fmall  tubes  ;  but,  on  the  other  hand,  it  can  raife  a  very  expanfive 
vapour  from  the  furface  of  the  fame  5  it  can  plentifully  difpofe 
fuch  vapour  into  its  pafifage,  and  make  it  ferve  as  an  agent  to  drive 
the  redding  air  1  the  confequence  of  which  is,  that  it  can  run 
over  the  furface  of  water  to  the  uncommon  didance  of  fix  or  feven 
inches. 

61 1.  A  difcharge  fent  along  the  furface  of  foft  dough,  deprefies 
it  uniformly  all  along  its  palfage  ;  hecaufe  the  fpark  is,  in  this 
cafe,  repercuffed  by  the  air  againd  the  foft  dough,  with  a  force 
equal  to  that  with  which  it  itfelf  drives  this  air,  either  by  its  own 
immediate  adion,  or  by  that  of  the  vapour  which  it  raifes. 

612.  This  may  ferve  to  redify  the  explanation  I  gave  at  pag. 
120  of  Artif .  Elect .  with  refped  to  the  fudden  conculfion  which  a 
man  feels  in  his  hand  dipped  in  water,  at  the  indant  that  a  drong 
difcharge  is  fent  along  the  latter’s  furface.  The  quick  droke  which 
the  fpark,  from  the  repercuffion  of  both  the  air  and  the  raid¬ 
ed  vapours,  gives  on  the  water,  is  communicated  to  the  hand 
through  the  continued  rigid  parts  of  the  water,  and  the  hand  re¬ 
ceives  in  fuch  cafe  the  fame  kind  of  fhock  as  a  fhip  does  in  an 
earthquake,  as  I  have  obferved  in  Atmof.  Terr.  EleEt*  The 
above  mentioned  commotion  is,  however,  different  from  an 
eledrical  fhock.  I  placed  my  hand,  as  Dr.  Priedley  had  done  be¬ 
fore, 
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fore,  under  water,  in  the  middle  between  two  metallic  rods, 
which  tranfmitted  a  difcharge  through  that  water  ;  and  when 
this  difcharge  took  place,  I  felt  a  kind  of  convullion  in  the 
mufcles  of  my  hand;  which  convulfions  were  ftronger  according  as» 
I  took  care  to  ftretch  both  my  thumb  and  fmall  finger  towards 
the  two  rods;  becaufe,  in  this  cafe,  the  difcharge  palled  more 
united  to  them  from  thofe  rods. 

613.  A  difcharge  lent  along  the  furface  of  a  piece  of  ice,  leaves 
on  it  fmall  unequal  cavities,  which  exhibit  the  fame  appearance 
as  if  a  fmall  chain  had  been  placed  hot  upon  it.  The  hard  furface 
of  the  ice  does  not  yield  to  the  mechanic  adlion  of  the  fpark;  or,  if 
it  does,  it  can  only  do  it  by  being  broke  in  different  places:  be- 
fides,  if  a  difcharge  can  melt  the  outer  furface  of  cryfial  (we  (hall 
fee  hereafter  that  it  even  makes  diamond  powder  evaporate)  it 
mufl  neceffarily  melt  ice,  and  the  cavities  obferved  on  the  latter,  ac¬ 
cordingly  exhibit  all  the  ufual  figns  of  inftantaneous  liquefaction. 

614.  A  difcharge  fent  along  the  furface  of  fnow,  diflipates  a 
great  quantity  of  it,  making  a  furrow  in  it  two  inches  deep,  and  . 
nearly  as  broad  ;  but  it  does  not  leap  to  a  greater  distance  than 
three  inches.  A  fpark  fent  through  a  body  of  fnow  penetrates 
into  it  to  a  great  depth,  as  its  particles  are'  much  disjointed  and- 
moveable  (in  fadt,  a  fpark  fent  perpendicularly  into  fnow,  pene¬ 
trates  into  a  deeper  ftratum  of  it  than  it  would  do  into  water),  and 
thence  proceeds  that  great  difiipation,  juft  now  obferved,  of  deep 
particles  of  fnow,  when  a  difcharge  is  fent  along  its  furface.  To 
this  circumftance  is  likewife  owing,  that  the  fpark  can  only  run  to  a 
diftance  of  three  inches  over  the  furface  of  fnow,  becaufe  the  fmall 
quantity  of  fire  which  keeps  over  this  furface,  has  but  little  power  to 
raife  vapours  from  it.  If  you  fend  a  difcharge  through  a  long 
track  of  fweepings  or  duft  from  a  b rafter’s  fhop,  the  fpark 
will  not  pafs  united  to  any  great  diftance,  and  will  make  a  fur¬ 
row  along  the  top  of  this  track  ;  the  reafon  is,  that  the  fepara- 
lions  between  the  deferent  particles,  and  the  duft  and  air  that 
lie  between  the  fame,  will  prevent  the  fpark  from  penetrating 
deeply  enough  into  the  track  ;  and  where  it  will  do  it,  it  will  be 
obliged  to  drive  and  fcatter  away  fuch  air  and  duft,  and  with 
thefe  alfo  the  deferent  particles  of  the  filings.. 
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615.  A  difcharge  Tent  through  a  green  leaf,  tears  its  furface  ac¬ 
cording  to  its  own  direction,  and  alio  perpendicularly  to  this  fame 
-direction,  though,  through  (liorter  tradls.  The  difcharge  pene¬ 
trates  into  the  internal  moifture  of  the  leaves  ;  and,  by  driving  it  in¬ 
to  vapours,  tears,  in  every  direction,  the  exterior  fibres  ;  an  image 
in  miniature,  this,  of  the  tearing  of  large  trees  to  pieces  by  the 
violence  of  lightning. 

6  1 6.  A  difcharge  pafies  to  a  certain  distance  over  the  furface  of 
fpirit  of  wine,  without  inflaming  it  ;  but  if  it  runs  to  a  greater 
diftance  over  that  furface,  it  fires  it.  This  experiment  fuggefts, 
it  feems,  feveral  luminous  ideas.  Firfl,  it  appears,  that  the  facili¬ 
ty  with  which  the  ele&ric  fire  runs  over  the  furface  of  moift  fub¬ 
fiances,  is  proportioned  to  the  facility  with  which  thofe  fubfiances 
may  be  turned  into  vapour;  to  this  principle,  I  think  mull  be  at¬ 
tributed  the  effect  of  the  ftrong  fpark  mentioned  in  p.  249  of 
Atmof  Terr.  EleB.  which  from  the  hook  of  the  bottle  leaped  and 
firuck  me  at  the  diftance  of  four  inches.  And  though  a  fpark 
cannot  run  along  the  furface  of  fpirit  of  wine  to  any  great  diftance 
without  firing  it,  yet  it  moft  eafily  moves  along  it.  i  underftand 
very  well  how  a  lpark  cannot  penetrate  into  fpirit  of  wine;  this 
is  owing  to  the  infula'ting  nature  of  the  latter  ;  but  that  it  fo  eafi¬ 
ly  moves  along  its  furface  is  what  I  cannot  fo  well  explain  ;  I  attri¬ 
bute  it  to  the  facility  with  which  the  fpark  can  raife  vapours  from 
the  fpirit  of  wine,  that  powerfully ‘drive  the  relifiing  air  ;  which 
explanation  is  alfo  conformable  to  what  has  been  above  obferved 
with  regard  to  the  eledtric  mortar,  which  could  drive  balls  to  a 
greater  diflance,  w^en  loaded  with  a  drop  of  fpirit  of  wine,  than 
when  it  was  with  water. 

òìj.  Dr  Prieftley  alfo  fent  difchar.ges  along  the  furface  of  animal 
fluids,  and  obferved,  that  they  produced  a  louder  crack  than  thofe  on 
the  lurface  of  water,  efpecially  on  the  furface  of  milk,  and  whites 
and  yolks  of  eggs;  and  I  have  obferved  that  when,  in  order  to  in- 
creafe  a  difcharge,  I  make  ufe  of  Fp i t tie  inflead  of  water,  a  more 
united  and  louder  crack  takes  place  ;  this  I  attributed  to  the  greater 
•volatility  of  animal  fluids  :  if  I  ufe  a  drop  of  lemon  juice,  the 
fpark  pafies  more  difficultly,  and  produces  a  lefs  crack.  This 
fame  principle  (the  difference  in  the  volatility  of  fubfiances)  will, 
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I  think,  alfo  refolve  the  quefiion  why  difcharges  refufe  to  pafs  along 
the  furface  of  recent  glafTes,  though  they  are  in  fome  degree  de¬ 
ferent,  and  confequently  ought,  it  feems,  to  afford  a  paffage  to 
the  fire;  why  it  doss  not  run  along  the  furface  of  alum,  of  rock- 
falt,  of  blue  vitriol,  of  red  vitriol,  of  polifhed  agate,  all  of  which 
bodies  are  in  fome  degree  deferent  ;  why  it  does  not  move  along 
the  furface  of  dry  wood,  of  dry  pafteboard,  or  of  the  covering  of 
a  book,  however  polifhed. 

618.  The  circumfiance  of  the  furface  being  polifhed  is  of  little 
importance  with  regard  to  the  running  of  the  fpark  over  it;  it 
moves  freely  enough  along  the  furface  of  a  touch-fione,  however 
rough  it  may  be,  and  on  wrinkled  flefil,  bending  its  courfe,  in 
confequence  of  the  repercuffion  of  the  air,  around  all  the  angles 
and  prominences  it  meets  in  its  way  :  the  volatility  of  the  particles 
of  thefe  furfaces,  joined  with  the  nature  of  the  bodies  themfelves, 
which  refufe  to  admit  internally  any  great  quantity  of  electric  fire, 
are  the  caufes  of  the  above  effedts.  Neutral  falts  are  of  a  very  fixed 
nature,  if  compared  to  water;  agate  and  glafs  have  no  particles 
that  fire  may  diftend  to  any  great  degree  ;  and  wood  as  well  as 
pafteboard,  if  you  take  all  moifture  from  them,  will  be  found  to 
be  of  much  the  fame  nature  as  the  above  bodies. 

619.  If  a  quire  of  paper  has  been  dried  before  the  fire,  a  fpark 
will  pafs  through  it  with  more  difficulty  than  formerly  ;  it  will 
pafs  more  divided,  and  bore  a  lefs  hole.  If  you  wet  it  in  the 
place  where  you -intend  to  prefent  the  conducting  bow,  the  fpark 
will  make  a  hole  much  larger,  emit  a  much  more  vivid  light, 
and  produce  a  much  louder  crack  ;  now,  fparks  will  rim  along  the 
furface  of  bodies  to  a  certain  diftance,  in  the  fame  manner,  and 
in  the  fame  circumfiances,  in  which  they  pafs  through  a  moiffc 
quire  of  paper,  or  any  other  fubfiance  which  may  be  eafiiy  and 
greatly  dilated  by  the  adtion  of  fire. 

620.  Dr.  Priefiley  fent  a  difeharge  over  the  furface  of  a  leg  of  a 
fheepjuft  killed,  and  it  ran  along  it  to  eleven  inches  difiance  ;  over 
the  medulla  fpinalis  of  an  ox,  it  ran  to  ten  inches  difiance  ;  does  not 
the  reafon  of  thefe  two  furprifing  effedts  lie  in  the  greater  alcalef- 
ceo.ce,  and  confequently  the  greater  volatility,  that  take  place  in 
the  fluids  of  dead  animals? 
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On  the  a 51  ton  of  [parks  on  living  bodies. 

621.  The  above  obfervations  on  the  effedts  of  eledlric  fparks 
with  regard  to  liquids,  naturally  lead  us  to  examine  their  effedts 
with  regard  to  living  bodies  ;  the  following  previous  obfervations 
mud,  however,  be  made,  viz.  that  dried  fibres,  either  of  animals 
or  plants,  the  fat  fubftance  of  animals,  and  the  oily,  or  the  re- 
finous  juices  of  plants,  are  all  of  them  of  an  infulating  nature. 
After  a  long  drought,  I  have  found  a  mufcle,  and  a  wooden  table, 
capable  of  infulating  very  well,  and  ufed  them  for  that  purpofe, 
without  any  farther  apparatus;  with  regard  to  oils,  every  one 
knows,  that  by  excluding  moifture  from  bodies,  they  render  them 
infulating;  and  with  regard  to  rofins,  their  eledirical  ufes  arc 
fo  generally  known,  that  to  mention  any  particulars  about  them, 
would  furely  be  needlefs. 

622.  It,  therefore,  appears,  that  the  eledtric  fire  does  not  move 
through  living  animals ,  but  inafmuch  as  they  are  impregnated  with 
fluids  which  participate  of  the  nature  of  water  ;  nor  does  it  fljakei  dif- 
iendy  burn ,  and  confume  the  folid  parts  of  their  bodies ,  but  inafmuch 
as  it  runs  through  fuch  fluids  and  explodes  them ,  or  gujhes  out  of  them 
againfl  thefaid Jolid parts.  We  (hall  fee  hereafter,  that  it  is  one  of 
the  charadteriftic  effedts  of  lightning,  to  dry  and  fiiffen  the  living 
bodies  it  firikes,  and  to  fplit  trees  in  the  direction  of  their  fibres, 
which  is  alfo  the  diredtion  in  which  they  draw  their  nutritive 
juices  ;  we  (hall  alfo  fee,  that  it  fplits  more  particularly  thofe 
fibres,  which  more  copioufly  draw  fuch  nutritive  juices,  and  that 
it  even  feems  to  choofe  out  thofe  trees  among  others,  whofe  juices 
are  of  a  more  aqueous  nature,  or  which,  ceteris  paribus ,  are  more 
replete  with  watery  particles. 

623.  But  attending  here  only  to  fuch  obfervations  as  Art  can 
fupply,  I  (hall  diftribute  the  matter  of  this  chapter  into  four  prin¬ 
cipal  parts  :  in  the  firft  I  (hall  fpeak  of  the  effedt  of  fparks  on  liv¬ 
ing  bodies;  in  the  fecond  place,  I  (hall  treat  of  the  effedts  of  elec¬ 
tricity,  when  it  is  exerted  without  fparkling  ;  in  the  third  place, 
I  (hall  offer  fome  confiderations  on  the  ufe  which  phyficians  may- 
make  of  eledtricity;  and  lafily,  I  (hall  fpeak  of  the  ufe  which  Na¬ 
ture  herfelf  makes  of  it. 


1 


Sect. 


ARTIFICIAL  ELECTRICITY.  267 


Sec  t  .  L  Of  the  a 51  ion  of  fparkling  electricity  on  living  bodies. 

624.  A  fpark  runs  through  that  ferie  s  of  mufcles ,  where  the  refult 
both  of  the  eleCtric  capacity ,  and  of  the  fhortnefs  of  the  pafage ,  is  moft 

favourable  to  it.  Let  the  man  A  grafpa  bottle  with  his  right  hand, 
and  hold  a  brafs  rod  with  the  left  j  let  him  touch  with  his  rod  the 
naked  right  foot  of  a  man  B  ;  let  the  fame  man’s  left  foot  com¬ 
municate  through  a  brafs  rod  with  the  right  foot  of  another  man 
C  ;  let  the  fame  man  C,  through  its  left  ear,  communicate  with  the 
right  hand  of  the  man  D  ;  laftly,  let  the  man  D  with  his  left 
hand  touch  the  hook  of  the  bottle.  The  man  A,  whole  eledlric 
communication  is  formed  by  his  arms  and  hands,  will  be  firuck 
through  that  feries  of  mufcles,  which  is  moll  continued  from  one 
of  his  hands  to  the  other;  that  is,  he  will  be  (truck  in  the  muf¬ 
cles  of  the  right  hand,  of  the  right  arm,  of  the  thorax,  of  the  left 
arm,  and  of  the  left  hand.  The  man  B  will  be  firuck  in  the  muf¬ 
cles  of  his  right  foot,  his  right  leg,  and  right  thigh,  and  in  thofe 
which  are  conneóted  with  his  left  thigh,  leg,  and  foot.  The 
man  C  will  feel  the  Ihock  in  that  feries  of  mufcles,  which  from 
his  leg,  through  which  he  communicates  with  the  man  B,  pro¬ 
ceeds  to  his  ear,  through  which  he  communicates  with  the 
man  D,  See. 

625.  In  the  above  infiances,  the  fpark,  I.  exercifes  a fimilar  ac¬ 
tion  in  fimilar  parts  of  the  body ,  which  are  fimilarly  fituated>  and 
through  which  it  runs  with  a  fimilar  denfity.  II.  It  extends  its  ac¬ 
tion  to  ampler  parts  of  the  body ,  according  as  it  conffis  of  a  more  co¬ 
pious  and  denfe  fire.  III.  It  extends  alfo  its  action  to  a  greater  difiance 
around  the  faid  parts ,  according  as  its  copioufnefs  and  denfity  are  fiill 
more  increafed .  IV.  And  its  adii  on  is  moft  intenfe ,  where , from  the  re- 
ft  fiance  it  meets,  and  the  narrownefs  of  the  pafiage  through  which  it  is 
led  to  pafsy  it  is  brought  to  the  greateft  denfity. 

626.  I  difeharge  a  glafs,  by  applying  the  index  of  my  right 
hand  to  one  of  it6  coatings,  and  the  index  of  my  left  hand  to  the 
other  coating  ;  the  fpark  Unices  both  my  fingers  in  the  fame 
manner;  it  alfo  Uri kés  in  the  fame  manner  my  two  wrifts,  my 
two  elbows,  my  two  ihoulders.  However,  in  order  that  the 
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fpark  may  (trike  all  of  them  equally,  I  mult  place  them  in  fi~ 
milar  fituations,  becaufe  a  mufcle  in  a  (late  of  contraction  will:  al¬ 
ways  be  (truck  in  another  manner  than  a  mufcle  in  a  (late  of  re¬ 
laxation  :  it  is  needlefs  to  add,  that  the  fpark  mud  leap  in  a  (late 
of  equal  denfity  to  produce  equal  (hocks  ;  if,  for  indance,  a 
finger  is  prefented  to  the  coating  of  a  plate,  and  another  to  a 
(harp  point  annexed  to  the  other  coating,  the  latter  finger  will 
receive  a  more  fenfible  droke  than  the  former. 

627.  That  the  fpark  extends  its  aClion  to  more  numerous  parts 
of  the  body,  according  asitconfids  of  a  more  copious  and  denfe 
fire,  is  evident.  If  with  a  finger  of  each  of  my  hands  I  draw  from 
a  plate  a  very  finali  remnant  of  charge,  I  only  feel  a  final!  (hoclc 
in  thofe  fingers  ;  if  the  remnant  be  fomewhat  greater,  my  fingers 
are  contraCled  by  the  droke  ;  if  the  remnant  be  dill  greater,  Ifeel 
the  droke  in  my  wridsand  elbows  ;  if  I  draw  the  intire  charge  of 
ajar,  1  receive  a  (hock  throughout  all  the  ample  mufcles  of  my, 
(houlders  and  thorax. 

628.  The  fame  holds  true,  if  the  fpark  enters  and  i  flu  as  through 
diihmilar  parts.  The  fpark  which  I  excite  from  the  conductor, 
while  I  dand  on  the  ground,  gives  a  droke  only  to  the  mufcles  of 
my  finger,  becaufe  the  fpark  while  it  flows  through  the  ample 
mufcles  of  my  legs,  or  the  ampi efurface  of  the  foies  of  my  feetj- 
has  no  fufficient  denfity  in  thefe  parts  to  produce  any  fenfible 
droke  ;  but  if  I  keep  one  of  my  feet  at  a  didance  from  the  ground, 

I  begin  to  feel  a  kind  of  droke  in  the  mufcles  of  my  other  leg, 
which  remains  placed  on  it;  and  if,  being  infoiateci,  I  prefent 
one  of  my  legs  to  a  drange  body,  the  mufcles  of  the  fame  are: 
contracted  correfpondently  to  the  place  where  the  fpark  is  made 
to  condenfate  itfclf  and  iflue  ;  and  I  feel  a  proportional  droke. 

629.  Experience  will  alfo  make  the  third  point  evident,  viz. 
that  the  fpark  extends  its  (hock  more  amply  around  the  part 
through  which  it  pafles,  according  as  it  confids  of  a  more  copious 
and  denfe  fi, re.  A  middling  difcharge  gives  me  a  (bock  in  my 
thorax,  and  in  a  pretty  narrow  fpace  between  my  arms,  through- 
both  which  the  fire  pades  :  a  more  intenfe  difcharge  drikes  me  in. 
a  greater  compafs,  the  (hock  extends  to  the  mufcles  of  my  back,  of 
i$y  belly;  and, when  Dr.  Franklin  inadvertently  fent  through  both, 
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his  arms  the  difcharge  of  two  large  crydal  jars,  he  felt,  as  him- 
ielf  relates  (Franklin’s  Works,  pag.  153-)  a  general  (hock  from  his 
head  down  to  his  feet  :  the  reafon  of  thefe  effcds  is,  that  the  wave 
of  the  eledlric  fluid,  however  rapid,  mull  in  propagating  irfelf 
through  the  fluids  in  the  body,  drive  before  it  the  fire  which  is 
naturally  diffufed  within  them,  which  fire  is  compelled  to  flow  to 
fome  lateral  part,  proportionally  to  the  amplenefs  and  denfity  of 
fuch  wave  (Newton  Princ.  Prop.  XLII.) 

630.  That  the  fpark  in  its  pafi'age  through  the  body-  of  a  man; 
produces  a  greater  effedt  in  thofe  places  where  it  is  fome  how 
brought  to  a  greater  denfity,  is  evident  from  our  own  feeling,  and 
is  a  neceflary  confequence  of  the  univerfai  principle  according: 
to  which  the  eledtric  fire  operates.  We  particularly  feel 
the  effedts  of  the  paflage  of  the  fire,  in  thofe  parts  where  the  fpark' 
enters,  or  from  which  iti  (Tu  e  s  more  condenfated ;  we  feel  a  par¬ 
ticular  contradiion  in  the  muicles  of  our  fingers,  of  our  wrifr,  and 
of  our  elbow,,  where  the  fpark. from  the  body  of  one  mufcle  gets 
into  that  of  another,  through  the  teguments  that  are  formed 
around  them  by  the  adipofe  membrane,  &c. 

631.  I  think  I  make  fuppofitions  conformable  to  truth,  when  I 
fuppofe  the  paflage  of  the  fpark  to  be  through  the  mufcular  fyftetru 
Whether  it  be  that  theanufcular  fluid  of  itfelf  admits  the  fpark  the 
mod  readily,  . or  whether,  by  having  remained  longer  in  the  body  of 
the  animal,  and  being  more  braced  and  difpofed  to  evaporation,  it  is 
rendered  more  deferent,  I  do  not  pretend  to  fay  ;  but  it  evidently  ap~- 
pears  from  the  contradiion  of  the  mufcles,  fuddenly  efledled  by  the 
paflage  of  a  fpark,  that  this  paffage  takes  place  through  them.  Ob- 
ferve  with  attention,  when  you  draw  a  fpark  from  the  hand,  the 
arm,  or  the  leg  of  a  man,  and  you  always  will  fee  that  particular 
kind  of  motion  take  place  in  a  mufcle,  which  it  is  of  itfelf  inclined 
to  perform.  We,  indeed,  meet  with  inftances  in  which  fparks, 
and  more  fo  the  enormous  dream  of  a  droke  of  lightning,  is  part¬ 
ly  diffufed  into  fome  fanguineous  veflels  ;  we  even  fometimes  fee 
marks  of  clotted  blood  in  the  fmaller  fuperficial  veflels  of  pretty 
large  animals,  through  the  bodies  of  which  drong  difeharges  have 
been  fent  ;  but  this  does  not  contradidl  what  we  faid  above*  that 
jl  difcharge  prefers  to  run  through  the  mufcular  fyflern. 
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632.  To  that  end,  I  have  more  attentively  examined  the  contrac¬ 
tions  which  fparks  produce  in  the  mufclesof  animals,  by  repeating 
on  themufcles  of  the  thigh  of  a  firong  cock,  the  experiments  which 
I  formerly  defcribed.in  p.  129  of  JlrL^leB.  and  Signor  Buffone, 
furgeon  in  the  hofpital  of  S.  Giovanni,  has  been  fo  kind  as  to  af¬ 
fili  me.  We  faffened  the  cock  to  a  chair,  its  wings  were  tied  to 
the  highefl  crofs-dick  of  the  back  of  the  chair;  its  right  leg  was 
fattened  to  the  lowed  hick,  a  man  held  its  head,  and  its  left  leg 
was  left  at  liberty,  for  the  furgeon  to  operate  on  it.  The 
thigh  being  dripped  of  all  its  common  teguments,  without  lacer¬ 
ating  its  fleday  fibres,  I  began  to  fend  fparks  through  the  feveral 
mufcles  which  remained  united,  and  in  their^natural  pofition,  fac¬ 
ce  (lively.  I  ufed  my  ufual  jars,  which  contain  at  mod  half  a  pint,; 
with  one  hand  I  held  the  belly  of  it,  to  which  was  fadened  a 
brafs  chain  ;  with  my  other  hand,  and  a  dick  of  fealing-wax,  I 
managed  the  other  end  of  the  brafs  chain;  I  prefented  this  end  of 
the  brafs  chain  to  the  extremity  of  a  mufcle,  and  the  hook  of  the 
bottle  to  the  other  extremity;  and  the  paffage  of  the  fpark  be¬ 
ing  thus  evidently  determined,  I  condantly  made  the  following 
obfervations,  I.  Any  one  of  the  mufcles,  when  traverfed  by  the 
fpark,  was  vehemently  contracted,  fo  that  it  always  compelled 
the  hand  of  the  furgeon  to  give  way.  IL  The  contraction  of 
’the  mufcle  always  was  attended  with  a  fudden  and  proportionally 
violent  fwelling  of  it;  meanwhile, 'the  places  where  the  membrane 
which  parts  one  mufcle  from  another,  was  inferted  between  them, 
remained  depreffed.  III.  In  the  place  through  which  the  fpark 
ran,  the  membrane  which  .veded  the  mufcle,  from  moid  and 
fmooth  became  in  an  indant  dry  and  wrinkled,  the  direction  of 
the  wrinkles  being  tranfverfal  to  the  length  of  the  mufcle,  and  a 
very  confpicuous  vapour,  or  fmoke,  arofe  over  that  place.  IV. 
The  drynefs,  the  wrinkles,  and  the  fmoke,  continued  after  the 
(park  had  paffed;  but  thefe  different  accidents  afterwards  gradual¬ 
ly  vanidied,  fo  that  the  membrane  partly  recovered  that  kind  of 
glofs,  which  is  the  relult  of  moidure;  another  fpark  being 
lent  afredi,  the  fame  appearances  again  took  place.  V.  While  one 
mufcle  was  thus  contracted,  a  kind  of  general  contraction  was 
obfervable  in  all  the  mufcles  contiguous  to  it;  and  there  was 
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hardly  a  mufcle  in  the  thigh  that  remained  in  a  quiet  fiate,  which 
I  have  confidered  as  a  vifible  proof  of  the  expanlion  of  the  fhock 
into  lateral  parts.  VL  For  feveral  feconds  after  the  pafTage  of  the 
fpark,  finali  convulfions  took  place  in  the  mufcle,.  and  it  was  dur¬ 
ing  that  time  that  the  above  mentioned  wrinkles  began  to  lefien,. 
and  a  new  moiffure  gradually  appeared  on  the  mufcle. 

633.  I  afterwards  got  the  body  of  the  mufcle  which  ftretches  it- 
felf  along  the  lateral  furface  of  the  thigh,  and  which  till  then  had 
been  let  alone,  to  be  feparated  from  the  mufcles  placed  under  it; 
and,  befides  the  circumftances  obferved  above,  all  of  which  took 
place  in  this  mufcle,  I  made  the  following  experiment.  We  part¬ 
ed  the  body  of  the  mufcle  from  the  thigh,  by  paffing  our  finger 
under  it  and  drawing  it  out,  and  at  the  fame  time  holding  firm  the 
articulation  of  the  leg,  fo  that  the  mufcle  could  not  return  to  its  * 
place;  which  done,-  the  body  of  the  mufcle  appeared  relaxed,  and 
remained  parted  from  the  thigh  ;  but,  at  the  inftant  that  the 
fpark  was  fent,  the  mufcle  violently  contracted  itfelf,  and  was 
drawn  back  into  its  natural  place  ;  nor  could  it  be  difplaced  again 
but  by  being  afrefh  forcibly  drawn  out  by  the  fingers  :  when  thus 
parted  again,  a  new  fpark  again  replaced  it  in  its  former  fituation. 
If  one  of  the  fides  of  the  mufcle  being  twilled  out,  the  fpark  was 
fent  only  through  the  venter  of  the  fame,  the  fide  did  not  exactly 
recover  its  former  fituation  ;  but  if  a  fingle  new  fpark  was 
fent  along  the  fide,  the  mufcle  inftantly  recovered  its  natural* 
fituation. 

634.  The  furgeon,  before  he  parted  this  mufcle  from  the  others, 
pricked  with  his  fcalpel  the  mufcle  next  to  it,  pretty  deeply,  but 
for  all  that  no  great  contraction  enfued.  Having  tortured  the  part¬ 
ed  mufcle  with  a  number  of  fparks,  the  furgeon  cut  with  feifiars 
fome  lateral  fibres,  and  the  mufcle  fcarcely  moved  ;  it  feemed  as  if 
the  preceding  fparks  had  rendered  it  infenfible  to  the  ftimulus  of 
the  inftruments,  and  frelh  fparks  alone  could  contract  it.  I  fent 
fome  difeharges  from  the  bottle  into  a  wound  made  with  the  fcal¬ 
pel  ;  the  fame  contraction  took  place,  and  the  edges  of  the  wound 
remained  particularly  turgid  and  livid,  with  fome  lmall  clots  of 
blood  around  them. 
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635.  I  afterwards  fent  in  the  dark  fevcral  fparks  through  dif¬ 
ferent  mufcles,  and  I  could  not  fee  them  lighten,  either  at  theif 
entering  it,  or  at  their  ifluing  from  it;  I,  therefore,  concluded, 
that  they  penetrated  and  went  through  it. 

6 3 6 .  From  the  whole  of  thefe  obfervations,  I  think  that  deve- 
ral  interefling  finds  are  either  difcovered  or  afcertaincd.  Fird,  the 
hidden  aridity,  and  the  fmoke,  which  are  produced  by  the  Iparkin 
the  place  of  its  paffage,  manifed  the  explofion  of  the  moidure  or 
fluid,  with  which  the  mufcle  is  impregnated  ;  which  duid  is,  of 
itfelf,  very  apt  to  evaporate  and  diffipate,  as  may  be  obferved  in 
animals  frefli  killed;  and  the  bare  rugofity  of  the  membrane  is  a 
proof  of  the  diffipation  of  this  moidure  or  fluid  :  and  is  not  the  con¬ 
traction  of  the  mufcle,  fo  fuperior  to  that  caufed  by  any  incifion 
of  its  fibres,  a  proof  of  the  fudden  and  violent  expanfion  of  the  faid 
moidure,  or  fluid,  effected  by  the  denfe,  penetrating,  and  heat- 
ing  igneous  element,  which  proportionally  didends  and  dwells 
the  fibres  of  this  mufcle. 

637.  From  thefe  violent  contraction  of  mufcles,  a  vad  field  is 
here  opened  for  conjectures  about  the  caule  of  the  voluntary  con¬ 
tractions  of  mufcles  ;  but  fuch  inquiries  are  too  foreign  to  our 
Tubject  to  engage  in  them  atprefent;  I  will,  therefore,  content  my- 
felf  with  laying  down  the  following  maxim,  viz.  that  thofe  vio¬ 
lent  contractions  above  defer ibed,  are  of  the  fame  kind  with  thofe  pro¬ 
duced  by  the  aft  ion  of  the  eie  ft  rie  fire  when  it  kills  a  motif e,  a  birdi  a 
pigeon,  a  chicken,  or  even  a  man,  in  confequence  of  its  rujhing  through 
them  with  a  copious  proportional  fir  earn  ;  the  fire  in  thofe  indances 
lb  much  didends  and  dwells  the  fluid  of  the  mufcular  fyftem*  that 
it  injures  the  whole  fydem  itfelf,  and  renders  it  unfit  tor  perform¬ 
ing  again  its  vital  fun&ions.  I  even  think  that  fuch  a  dream 
can  kill,  merely  by  caufing  a  damage  to  the  body  of  the  fame  kind 
as  might  aride  from  a  prodigious  and  fudden  wearinefs  ffiracchezzaj . 

638.  I.  The  copioufnefs  of  the  dream  mud  be  proportioned  to 
the  amplends  of  the  fyfiem  through  which  it  is  to  run.  With  a 
tingle  Ipark  from  a  coated  fheet,  I  can  kill  a  moufe,  a  fparrow, 
■&C.  To  kill  a  pigeon,  one  fpark  is  not  fufficient  ;  three  are 
requifite,  or  even  more,  that  fucceed  each  other  pretty  quickly, 

and 


ARTIFICIAL  ELECTRICITY. 


and  before  the  vital  force  can  repair  the  injury  occafioned  by  the 
preceding  fparks  ;  I  even  think,  that  a  man  might  be  killed 
with  multiplied  fparks  from  fimple  (heets,  if  they  were  fent  quick-» 
ly  one  after  the  other. 

639.  II.  The  particular  kind  of  effect  caufed  in  animals,  when 
they  receive  a  killing  droke  from  a  drong  fpark,  is  a  beginning  ot 
a  violent  contraction,  but  which  does  not  proceed  farther,  becaufe 
the  univerfal  contraction  which  takes  place  in  every  antagonid 
mufcle,  prevents  it.  Soon  after  this  beginning  of  contraction,  a 
more  or  lefs  violent  didenfion  takes  place  in  all  parts  of  the  body; 
when  the  dream  is  very  copious,  the  animal  dies  in  this  be¬ 
ginning  contraction,  and  the  enfuing  didenfion  does  not  obtain; 
thus  we  have  indances  of  men  druck  by  lightning,  who  have 
remained  dead  and  (tiffin  the  very  pofition  they  were  in  when 
ftruck. 

640.  III.  When  an  animal  is  (truck  dead  by  a  fpark  juft  fuffi- 
cienttokill  it,  it  appears,  that  it  does  not  die  either  in  confe- 
quence  of  any  rupture  of  its  fibres,  or  any  extravafation  of  its  li¬ 
quids.  In  various  animals  killed  by  a  fpark,  I  never  could,  though 
affilted  by  expert  perfons  (the  fame  has  happened  with  Dr.  Prieft- 
ley)  perceive  any  rupture  in  the  thorax,  or  any  wound  that  pene¬ 
trated  under  the  fkull  into  the  fubfiance  of  the  brain.  In  a  pigeon 
killed  by  a  fpark,  there  was  indeed  a  reddifh  fpot  in  the  pericrani¬ 
um,  but  more  internally  nothing  could  be  perceived  ;  and  there 
are,  on  the  other  hand,  indances  of  men  killed  by  lighning,  on 
whole  bodies  no  vifible  figns  of  wounds,  or  in  general,  of  the  lead 
injury  were  to  be  perceived  ;  hence  it  teems,  that  even  when 
lightning  enters  lb  divided,  as  to  leave  no  marks  of  injury  on  the 
furface  of  the  body,  yet,  if  it  enters  with  fuch  a  copioufnefs 
that  it  may  contract  to  a  great  degree  the  mufcular  fydem, 
it  kills  the  animal. 

641.  IV.  To  this  mud  be  added,  that  with  fome  proper 
affidance  I  have  redored  to  life  animals  that  had  been  druck  wdth 
fparks  jud  lufficient  to  kill  them.  I  once  fent  the  difcharge  of 
two  large  crydal  jars  through  the  head  of  a  hen  ;  the  hen,  after 
iucceffively  dropping  down  its  head,  and  dretching  her  legs,  in 
lefs  than  a  minute  lay  completely  motionlefs,  and  rofe  no  more. 

N  n  I  druck 
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I  ftruck  in  the  fame  manner  another  hen,  rather  inferior  in  fize,  or  at 
moft  equal,  to  the  former  ;  (he  fell  as  the  former  had  done,  bat 
after  fifteen  or  twenty  feconds  had  elapfed,  we  began  to  rub  her 
all  over  her  body  ;  when  the  foon  began  to  raife  again  her  head, 
contract  her  legs,  and  looked  around  herfelf,  as  if  fhe  fought 
for  fomething  to  lean  upon,  but  could  not  rife;  having  opened 
her  beak,  we  poured  drops  of  fpirit  of  wine  into  her  throat,  and 
the  foon  rofe  and  lived.  Hence  it  is  evident,  that  eledric  fparks, 
or  lightning,  can  kill  without  any  material  rupture  of  organical 
parts. 

642.  V.  Death  may  alfo  follow  a  ftroke  from  a  fpark,  or  from 
lightning,  though  no  fuch  quantity  of  the  vital  fluid  has  been 
diftipated,  as  may  create  a  mortal  Jiccity  in  the  body.  Having 
ftrongly  charged  the  coated  plate  B  A,  I  difcharged  it  through  a 
moufe,  which  was  tied  to  a  piece  of  glafs  :  the  moufe  was  killed  ; 
and,  as  I  had  weighed  it  immediately  before  the  difcharge  (it 
weighed  7  den.  13  \  grains)  I  found  after  it,  that  it  had  only  loft 
about  the  third  part  of  a  grain.  Now,  I  do  not  think  that  fuch  a 
finali  quantity  of  animal  moifture  was  neceffary  to  the  life  of  the 
moufe;  but,  on  the  other  hand,  if  we  confider  both  the  enormous 
dilatation  which  this  fmall  quantity  of  fluid  may  have  luffered 
when  exploded  by  the  fpark  (I  think  it  may  have  been  dilated  to 
a  volume  fourteen  thoufand  times  greater  than  it  was  before;  and 
the  rapidity  of  the  ftroke  of  this  fpark,  we  fhall  not  be  furprifed, 
that  a  mortal  wearinefs  enfued.  In  this  moufe  I  could  not  per¬ 
ceive  the  leaft  fign  of  any,  either  internal  or  external,,  folution  of 
continuity. 

643.  It  really  feems,  that  a  certain  degree  of  that  kind  of  in¬ 
jury,  which  I  exprefs  by  the  word  wearinefs  ffracchezza J,  is 
more  to  be  dreaded  than  any  wound,  fradlure,  or  burning,  from, 
lightning»  Four  of  the  eight  children  who  were  ftruck  by  light¬ 
ning  under  the  tree  of  Moniftero ,  in  the  neighbourhood  of  MondovL 
( Attnof.  Terr.  EleSi*  p.  240.)  had  their  fkin  ftripped  off  in  different 
parts  ;  the  one,  all  over  one  of  the  cheeks,  the  other  off  both  the 
Ihoulders  and  a  little  below  his  back  bone,  the  third  near  the  back 
of  the  neck,  where  the  hair  was  burnt  and  his  hat  bored  through, 
and  the  fourth,  along  the  arm  ;  but  none  of  thefe  wounds  were  deep,. 

nor 
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nor  broader  than  one  inch  :  they  all  were  feemingly  dead,  deprived 
of  fenfe  and  motion  ;  but,  when  carried  home,  recovered  in  lefs 
than  one  hour,  except  him  who  had  been  wounded  on  his 
head  ;  who,  after  leverai  hours,  continued  to  be  looked  upon  as 
dead  ;  but  his  mother  having  applied  her  hand  to  his  breaft,  felt 
fome  pulfations  cf  his  heart,  and  upon  his  being  bled,  he  alio  reco¬ 
vered.  Three  days  after,  l  went  to  the  fpot  to  fee  them  ;  when, 
being  invited  by  the  promife  of  fome  fmall  gratification,  they 
came  to  the  Judge  of  the  place;  but  both  their  look  and  carriage, 
indicated  a  degree  of  wearinefs,  even  greater  than  that  of  the  har- 
veft-meninthe  Campagna  Romana . 

644.  VII.  Even  the  men  llruck  in  the  dungeon  of  the  citadel 
of  this  place  ('Turin),  even  many  of  the  perfons  who  were  flruck 
by  that  tremendous  firoke  of  lightning  at  Villa  di  Stellone ,  have 
recovered.  I  think  that  when  the  eledtric  fire  ftrikes,  united 
enough,  fome  particular  place  of  the  human  body,  fo  as  to  tear  off 
the  fkin,  the  vapour  which  it  then  raifes,  can  in  a  great  meafure 
conduct  the  fiream  along  the  furface  of  the  body,  and  thus  leflen 
the  internal  deadly  fhock.  It  feemed  to  me,  that  I  plainly  faw 
fuch  a  deviation  of  the  ele&ric  fiream  take  place  on  a  poplar 
that  had  been  firuck  by  lightning  in  the  plain  of  Mondovi  :  its 
-branches,  from  the  middle  to  the  top,  had  been  dried  by  the 
offeefi  of  the  firoke  ;  with  this  circumftance,  however,  that  the 
upper  ones  remained  erect;  the  lower  ones,  which  were  very 
long,  were  partly  broken,  partly  bent  downwards,  and  directed 
towards  a  rivulet  which  ran  clofe  to  the  foot  of  the  tree.  It  is 
probable,  that  the  firength  of  the  flafh  had  difpofed  thole  boughs 
into  its  way,  and  the  moifiure  that  was  forced  out  of  them  (I 
was  told,  that  the  firoke  of  lightning  preceded  the  rain)  had  been 
fufficient  to  conduct  the  fire  out  of  the  tree  through  the  air,  and 
thus  caufed  the  lower  part  of  it  to  be  fpared.  But  the  firong  fparks 
before  mentioned,  which  run  with  fuch  copioufneis  and  light 
over  the  leg  of  a  fheep  frefh  killed,  and  the  medulla  fpinalis  of  an 
ox,  are  fiill  more  evident  proofs  of  the  propenfity  of  the  eledric 
fluid  to  flow  along  the  outfide  of  the  body  of  a  man,  when  it  has 
once  torn  off  the  fkin,  and  fcattered  a  deferent  moifiure  over  the 
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645.  VIII.  This  hypothecs,  that  lightning  ufually  kills  by 
its  caufing  a  fudden  violent  wearinefs  in  the  mufcular  fyftem,  is 
alfo  confirmed  by  obferving  that  the  flelh  of  chicken  killed 
by  an  eleCtric  fpark,  eats  more  tender  than  ufual  ;  the  bodies  of 
perfons  killed  by  lightning  pafs  fooner  to  putrefaction  ;  the  pro¬ 
digious  contraction  of  all  the  fibres  in  the  body  of  chicken, 
mud  render  them  tender  in  the  fame  manner  as  driving  and  hunt¬ 
ing  foften  the  fibres  of  an  ox,  or  a  (tag  ;  and  thence  we  may  con¬ 
clude,  that  the  denfe  penetrating  deadly  fire,  may  allo  raife 
the  liquids  in  the  body  of  an  animal  to  a  great  degree  of  al- 
kalefcence. 

Sect.  II.  On  the  a B ion  of  eleB ricity  on  living  bodies 

646.  Though  the  profefied  fubjeCt  of  this  chapter  was  to  treat 
of  eleCtric  fparks,  yet,  I  hope  the  reader  will  excufe  the  follow¬ 
ing  digreffion  about  electricity  without  fparks  ;  its  efFeCts  are  too 
much  connected  with  the  matter  of  the  preceding  article,  to  refer 
the  difcuffion  of  them  to  another  place. 

647.  Firft,  the  Abbé  Nollet  has  found,  by  accurate  ex¬ 
periments,  that  the  electricity  without  fparks,  promotes  the  eva¬ 
poration  of  liquids  proportionally,  not  fo  much  to  their  furface, 
as  to  their  natural  propenfity  to  evaporate:  the  real  faCt  is  this, 
the  evaporation  is  not ,  and  camlot  be ,  proportioned  to  the  abfolute 

Jurface  (ceteris  partibus)  of  liquids,  but  mufl  be,  and  is,  proportion¬ 
ed  to  the  liberty  of  the  Jurfaces  themf elves.  By  the  words  liberty  of 
the  furfaces,  I  mean  their  not  being  counteracted  by  an  electricity 
homologous  to  that  .by  which  they  are  themfelves  animated. 

648.  I  procured  fmall  canns  of  tin,  two  inches  high,  cylindric; 
and  eight  lines  wide;  I  filled  the  one  with  water,  and  plac¬ 
ed  it  at  the  bottom  of  the  eleCtric  well  ;  the  other  I  left  in  the  open* 
air,  and  put  into  it  only  half  an  inch  of  water,  and  placed  it  fix 
feet  diftant  from  the  firft  conductor;  I  placed  next  to  it  a  third* 
cann  intirely  filled  with  water;  afterwards  I  infulated  both  the 
canns  and  the  eleCtric  well,  and  made  them  communicate  with 
the  conductor,  through  iron  wires  that  touched  their  bottoms. 
Now,  neither  the  cann  placed  in  the  bottom  of  the  well,  nor  that»- 
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hi  which  the  furface  of  the  water  was  eighteen  lines  lower  than 
the  brim  of  it,  had,  in  three  hours  time,  loft  any  thing  of  their, 
weight,  but  the  cann  which  was  quite  full  had  loft  a  grain,  and, 
even  fomething  more  of  its  weight. 

649.  I.  I  fufpended  to  the  conductor  one  of  the  fame  canns 
full  of  water,  at  the  diftance  of  three  inches  from  the  inferior  fur- 
face  of  it  j  and  to  the  bottom  of  this  cann,  I  faftened  a  plate 
of  tin,  one  foot  wide.  II..  I  fixed  another  cann  on  the  con¬ 
ductor  itfelf,  which  was  alfo  full.  III.  I  infulated  two  other 
canns,  at  fix  feet  diftance  from  the  conductor  ;  the  one  was  on, 
the  one  fide  of  the  conductor,  and  the  other  on  the  other  fide 
and  over  the  one  I  fufpended,  at  five  inches  diftance  from  its  fur- 
face,  a  circular  plate  of  tin  one  foot  in  diameter.  The  electricity 
having  been  continually  excited  for  three  hours  together,  I  found 
that  the  cann  fufpended  to  the  conductor,  had  loft  nothing  of  its 
weight ,  that  which  was  placed  upon  it  had  loft  about  half  a  grain  ; 
that  which  had  nothing  fufpended  above  it,  had  loft  about  a 
grain  i  and  the  laft,  above  which  a  plate  of  tin  was^  fufpended,  had 
loft  a  grain  and  an  half  of  its  weight. 

650.  Hence  we  fee,,  that  the  evaporation  was  nothing  where, 
the  furface  of  the  water  was  counteracted  on  all  parts  by  an 
homologous  electricity:  in  the  cann  placed  on  the  conductor,  only 
a  little  evaporation  had  taken  place,  becaufe  the  atmofphere  of  the1 
conductor  bent  itfelf  over  the  furface  of  the  water  in  that  cann, 
and  leftened  the  evaporation  ;  in  the  cann  placed  at  a  great  dif¬ 
tance  from  the  conductor,  the  evaporation  was  great  ;  but  it  was 
ftill  greater  in  the  cann  over  which  the  plate  of  tin  had  been  fuf¬ 
pended,  becaufe  a  contrary  electricity  was  actuated  in  that  plate 
by  the  atmofphere  of  the  cann  :  in  confequence  of  this,  a  continual 
difl'ipation  of  vapour  was  effected  by  invifible  effluvia  of  the  electric 
fire,  which,  through  the  plate  were  enabled  to  be  diffufed  away 
from  this,  fame  fact,vwe  may  alfo  derive  anew  confirmation  of  the 
principle  above  mentioned,  that  the  electric  fire  carries  and  dif- 
pofes  deferent  bodies  in  its  way,  &c, 

651.  Thence  we  fee,  that  the  evaporation  of  liquids  is  not  al¬ 
ways  proportioned  to  the  amplenefs  of  their  furface  ;  becaufe,  as  the 
electric  atmofpheres  of  liquids  are  much  lefs  counteracted  by 
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the  rea&ion  of  the  atmofpheres  of  the  adjacent  parts,  clofe  to  the 
fides  of  the  veffels  in  which  they  are  contained,  than  in  other 
places,  their  evaporation  muft,  of  courfe,  be  proportionally 
greater. 

652.  A  number  of  ether  circumflances  may  alfo  alter  the 
quantity  of  ele&rical  evaporation.  I.  A  fquare  veffel  will,  as  I 
have  experienced,  produce  a  greater  evaporation  than  a  circular 
one,  becaufe  the  eleCtric  fire  more  eafily  diffipates  through 
the  angles  of  fuch  veffel.  II.  The  liquor  in  a  given  veiTel  will 
evaporate  the  fafter,  as  the  height  of  its  edge  above  the  furface 
of  the  water,  will  be  in  a  fmaller  ratio  to  the  width  of  it;  this  is 
b:caufe  the  electricity  of  the  edge  will  then  counteract  the  lefs 
the  eleClricity  w'hich  promotes  the  evaporation  of  the  fluid.  With 
regard  to  other  circumftances,  fuch  as  the  temperature  of  the  air, 
the  drynefs,  or  dampnefs  of  the  weather,  5cc.  I  think  it  would  be 
needlefs  here  to  expatiate  upon  them. 

653.  Mr.  Boze,  a  great  admirer  of  eleCtric  phenomena,  once 
communicated  the  following  obfervation  of  his  own  to  the  Abbé 
Nollet  :  EleBricity  (he  found)  makes  water  run  under  the  Jhape  of  a 
continued  brujh,  jrom  fuch  fyphons  as,  on  account  of  the  fmallnefs  of 
their  orifices,  would  only  emit  it  in  much  interrupted  drops .  The 
Abbé,  as  a  confirmation  of  this  experiment,  found  afterwards, 
I.  That  water  may  not  only  be  made  to  fpring  out  of  the  above 
mentioned  fyphons,  under  the  fhape  of  a  continued  brufh  ;  but 
that  the  quantity  of  the  water  that  iflued  thus,  might  alfo  be 
much  increafed.  II.  That  the  quantity  of  water  fpringing  from 
inch  a  fyphon,  increafed  the  more  (relatively  to  what  it  would  have 
done  if  left  to  itfelf)  in  proportion  as  the  aperture  of  the  fyphon 
was  lefs.  III.  That  eleCbricity  can  make  water  fpring  from  fuch 
fyphons  as  have  too  ffnall  orifices  for  any  water  to  iffue  out  of 
them,  even  in  drops.  IV.  That  when  the  orifice  of  the  fyphon 
is  fo  wide  as  to  let  water  flow  out  of  it  in  a  continued  dream, 
then  eleClricity  accelerates  it  but  little.  V.  When  the  orifice  of 
the  fyphon  is  a  line  wide,  eleClricity  neither  accelerates  nor  retards 
the  water.  VI.  And,  laflly,  the  Abbé  concludes  with  obferving, 
that  when  the  orifice  is  more  than  a  line  wide,  eleClricity  rather 
retards  than  accelerates  it. 


654.  From 
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654.  From  thefe  experiments,  the  Abbe  was  led  to  confider 
organized  bodies  in  general,  as  aftemblages  of  capillar  tubes,  filled 
with  a  fluid  which  endeavours  to  circulate  through  them,  and 
fometimes  to  fpring  out  of  them  ;  he,  therefore,  eleCirified  fruits, 
green  plants,  wetted  fpunges,  and  found,  that  they  lofi  more  of 
their  weight  than  fimilar  bodies  not  electrified. 

655*  Mr.  Maimbray,  in  Edinburgh,  electrified  two  mirtles, 
during  the  whole  month  of  October,  in  the  year  1746,  and  ob- 
ferved,  that  they  vegetated  more  quickly  than  other  mirtles  not 
electrified»  Encouraged  by  this  difcovery,  the  Abbe  Nollet 
made  farther  experiments,  and  found,  that  feeds  rife  fooner  in 
electrified  veflels,  than  in  veflels  which  are  not.  About  that  fame 
time,  Mr.  Jallabert,  Mr.  Boze,  and  the  Abbe  Menon,  made  ex¬ 
periments  of  the  fame  kind  :  and,  firft,  Mr.  Jallabert  obferved, 
that  electricity,  while  it  promotes  vegetation,  promotes  likewife 
evaporation;  which  he  eafily  afcertained  by  weighingthe  decanters 
filled  with  water,  on  which  he  had  placed  onions  of  various 
flowers,  and  by  comparing  afterwards  the  remaining  weights  of  the 
electrified  decanters,  with  the  weights  of  thole  which  had  not 
been  electrified. 

656.  From  the  vegetation  of  organic  bodies,  the  Abbe'  pafled 
to  experiments  on  animals,  on  cats,  pigeons,  bullfinches,  chaff¬ 
inches,  &c.  and  he  likewife  found,  that  eleCtricity  always  pro¬ 
moted  their  infenfible  tranfpiration  ;  for,  thofe  animals  who  had. 
been  electrified,  were  always  found  to  have  loft  more  of  their 
weight  than  others  had  done.  Nor  did  the  Abbe  negleCt  to  ex¬ 
periment  on  men  ;  he  found,  I.  That  a  perfcn  of  a  good  age  and 
health,  by  being  electrified  during  five  hours,  loft  feveral  ounces 
more  of  his  weight,  than  ufual.  II.  That  the  perfon  did  not  re¬ 
ceive  thence  the  leaft  inconvenience,  only  a  kind  of  weaknefs,  and  a 
better  appetite. 

657.  The  Abbe  concluded  his  experiments,  with  obferving, 
that  not  only  fuch  animals  as  are  eledrified,  but  even  thofe  that 
ftand  near  them,  tranfpire  more  than  ufual,  and  thence  he  en¬ 
deavours  to  confirm  his  hypothefis  of  an  affluent fubjiance  ;  but  his 
valuable  experiments  had  no  occafion  to  be  thus  conneCled  with 
an  ill-grounded  theory. 
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Sect.  III.  On  the  medical  ufes  of  the  fparkling ,  and  not  fparkling 

electricity. 

658.  Whoever  has  a  mind  to  fee  how  many  attempts  have 
been  made  to  render  electricity  ufeful  towards  reftoring,  or  pre- 
ferving,  the  health  of  man,  may  read  the  copious  collection  of  ex¬ 
periments  for  that  purpofe,  given  by  Dr.  Prieftley  in  his  valuable 
Hiflory  of  Electricity  ;  as  to  me,  if  I  here  offerto  fay  any  thing 
on  that  fubject,  which  belongs  to  a  particular  Faculty ,  it  will  be 
rather  with  an  intent  to  afk  the  opinions  of  other  perfons,  than  to 
offer  mine. 

659.  And,  firff,  with  regard  to  that  which  belongs  to  the 
fparkling  electricity,  does  it  not  evidently  appear  from  what  has 

been  above  fard,  concerning  thofe  who  die  from  a  ftroke  of  light¬ 
ning,  that  many  of  them  might  have  been  effectually  affifted  ? 
Now7,  which  method  of  afhifance  would  have  been  the  beft  in 
luch  ‘cafe  ? 

66c.  II.  Is  the  idea  of  introducing  medical  effluvia  through 
the  ikin  of  man,  by  the  means  of  electricity,  repugnant  to  nature, 
either  with  regard  to  the  effluvia  themfeves,  or  to  the  particular  me¬ 
thod  of  introducing  them?  I  am  aware,  that  I  can  hardly  dilcufs 
again  this  queftion,  which  is  commonly  looked  upon  as  having 
been  fully  confuted,  without  expofing  mylelf  to  ridicule;  but 
why  fhould  the  laughter  of  unreflecting  men  prevent  refearches, 
the  object  of  which  is  to  promote  the  public  good.  Befides,  I  do 
not  propole  here  to  revive  the  old  queftion  on  this  fubjedt,  which 
I  confefs  I  always  looked  upon  as  not  deferving  a  ferious  examina¬ 
tion  ;  but,  my  intention  here,  is  to  propofe  a  new  idea,  which  a 
new  principle  of  mine  has  fuggelted  to  me.  From  the  very  begin¬ 
ning  1  was  convinced,  that  medical  effluvia  could  not  pafs  through 
the  lubffance  of  glals  ;  from  the  beginning  I  experienced  within 
mylelf,  that  purgative  drugs  held  fait  within  my  hand,  produced 
no  effedl  ;  and  now,  I  moreover  find,  that  being  inclofed  on  all 
fides  by  my  hand,  it  w>as  impoffible  that  they  could  be  eledirified. 
Nor  did  I,  at  any  time,  entertain  a  fufpicion,  that  fparks  lent 
through  medical  drugs,  could  carry  along  with  them  the  effluvia 
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of  thefe  drugs  through  the  metallic  conductors.  Dr.  Franklin 
p.  83.)  made  his  rubbing  cufhion  draw  its  eledricity  through 
a  Chain,  which  was  dipped  in  oil  of  turpentine,  and  received  it 
from  another  Chain,  alfo  dipped  in  the  fame  oil,  through  a  ltra- 
tum  of  that  oil,  about  an  inch  thick,  but  he  could  not  perceive, 
that  the  lead;  effluvium  was  carried  off  by  the  fire. 

661.  The  only  point  with  regard  to  which,  I  entertain  any 
fufpicion  on  that  fubjed,  is  whether  fparks  excited  immediately 
from  medical  fubftances,  can  introduce  effluvia  from  them  into 
the  fkin  of  thofe  who  excite  them,  either  with  their  finger,  or 
any  other  part  of  their  body.  In  fad,  it  is  a  conftant  obfervation, 
that  fparks  drive  deferent  vapours  from  bodies,  and  imprint  them 
on  the  furface  of  thofe  bodies  to  which  they  rufh.  I  fee  that  Dr. 
Franklin  has,  without  obtaining  any  effed,  tranfmitted  through 
his  body  feveral  difcharges  of  a  bottle,  within  which,  inftead  of 
water,  he  had  put  a  ftrong  purgative  liquid.  I  do  not  know 
whether  he  excited  the  difcharges  by  touching  the  hook  as  ufual, 
in  which  cafe  the  experiment  would  prove  nothing  againft  my 
fufpicions,  or  whether  he  excited  the  fpark  immediately  from 
the  furface  of  the  purgative  liquid  ;  nor  would  even  this  latter  ex¬ 
periment,  fuppofing  it  failed,  afford  an  univerfal  conclufion 
againft  my  idea,  fince  a  man’s  fkin  may  refute  admittance  to  the 
purging  particles,  in  the  fame  manner  as  it  refufes  admittance  to  the 
fait  of  fea- water.  I  do  not,  however,  pretend  to  affirm  any  thing  with 
regard  to  any  particular  fubftance;  I  only  inquire  whether  the 
tendency  of  eledric  fparks  to  drive  deferent  vapours  into  their 
way,  being  once  laid  down  as  a  fad,  there  would  be  no 
fubftance  from  which  they  could,  with  fome  kind  of  advantage, 
drive  vapours  into  the  fkin  of  man.  From  the  following  experi¬ 
ment  fome  light  on  this  fubjed  may  probably  be  derived.  I 
place  a  large  drop  of  mercury  in  the  bottom  of  a  porcellain  cup, 
which  communicates  with  the  Chain  ;  I  fix  two  pieces  of  gold 
wire  equally  near  the  drop  of  mercury,  on  each  fide  of  it;  I  con- 
ftantly  touch  one  of  them,  and  thus  caufe  the  fparks  confiantly 
to  leap  to  it  from  the  drop  ;  after  a  number  of  fparks,  I  find  the  piece 
to  which  the  fparks  leaped,  dyed  with  a  fky-blue  colour;  whereas, 
on  the  other  wire,  no  fuch  mark  is  to  be  perceived. 

O  o  662.  III. 
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66 2.  Ill,  The  effeCts  produced  by  the  difcharge  of  a  finali 
jar  on  the  mufcle  of  the  cock  above  mentioned,  clearly  fhew, 
that  copious  electric  difcharges  fent  through  the  body  of  a  man, 
may  produce  very  bad  effeCts  ;  they  may  diftend  too  much  the  fibres, 
they  may  weary  them  too  much,  &c.  Such  cures,  befides*  as  may  be 
effected  by  the  means  of  fparkling  electricity,  do  not  always  de¬ 
pend  on  the  agitation  and  diffolution  of  flagnant  fluids,  merely; 
they  alfo  often  proceed  from  the  tone  which  fparks  can  give  to- 
fibres;  they  may  alfo  be  effected  by  a  kind  of  ftimulus,  which 
fparks  may  introduce  into  glands,  &c.  Formerly  I  ufed  to  dry 
the  fiflures  opened  in  my  fingers  by  the  aCtion  of  cold,  by  means 
of  eleCtric  fparks;  but  the  experiment  related  above  of  the  fmoke 
that  rofe  from  a  mufcle  through  which  a  fpark  had  been  fent,  and  the 
aridity  which  took  place  on  the  membrane  around  it,  evince  ftill 
more  clearly  the  virtue  of  eleCtric  fparks  in  diffolving  and  diffipat- 
ing  liquids.  The  replacing  of  a  mufcle  into  its  natural  fituation,, 
and  the  reftoring  it  to  its  former  tenfion,  manifefl  the  power  of 
fparks  in  giving  tone  to  a  flaccid  fibre.  The  increafed  fecretion 
of  wax  in  the  ears,  caufed  by  ele&ricity,  and  obferved  by  Linnsus' 
(Carmichael  Tentamen,  pag.  33.)  demonflrates  alfo,  it  feems,  than 
Iparks  can  operate,  barely  by  ftimulating  thofe  parts  of  the  human 
body,  which  lie  near  thofe  from  which  they  are  immediately 
drawn. 

663.  IV.  Whatever  may  be  the  manner  of  the  operation, 
would  it  not  be  better  to  direCt,  and  confine  the  pafiage  of 
Iparks,  to  the  afflided  part  alone,  as- 1  did  on  the  mufcle  of  the 
cock,  without  affeCting  other  parts,  which  have  no  need  of  fuch 
affiftance  ?  Dr.  Watfon  ufed  this  method  in  his  celebrated  cure  of 
a  female  child,  who  was  afflicted  with  that  dreadful  diforder,  an 
univerfal  tetanoj  ;  he  began  with  fending  fparks  through  the  muf- 
cles  of  her  lips,  then  through  thofe  of  her  neck,  &c.  But  is  it 
not  moreover  neceffary,  to  fend  fparks  through  different  portions 
of  the  afflicted  part,  when  its  extent  is  fomewhat  conflderable  ? 

I  lie  fpark  which,  when  it  went  only  through  the  venter  of  the  muf- 
CxQ  c°ck,  could  not  replace  it  into  its  former  natural 

fituation,  feems  to  prove  this  precaution  to  be  neceffary. 

664..  Having 
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66 4.  Having  received  a  fmall  accidental  wound  in  one  of  my 
fingers,  I  tried  ( Artij \  Eleffi.  p.  128.)  to  receive  through  it  a  few 
fparks  from  the  Chain,  and  I  felt  at  every  one  of  them  a  kind  of 
chillnefs,  fimilar  to  the  difagreeable  imprefiion  we  feel  in  the 
nerves  of  the  face,  or  of  the  bread,  from  the  hiding  of  a  file 
which  is  driven  againft  the  edge  of  a  plate  of  iron.  Now,  is  not 
fuch  chillnefs  a  warning  of  Nature,  not  to  expofe  a  naked 
or  lacerated  nerve,  to  the  adion  of  fparks  ? 

665.  With  regard  to  the  medical  ufes  of  the  not  fparkling  elec¬ 
tricity,  fince  it  is  generally  agreed,  that  it  does  not  produce  any 
ill  efteds,  and  promotes  perfpiration,  nay,  fince  in  many  cafes 
it  has  proved  beneficial,  it  mult  be  the  care  of  the  profefiors  of 
the  art,  to  inquire  in  what  diforders  chiefly  the  ufe  of  it  may  be 
prefcribed,  and  to  examine  whether  it  would  really  be  worth  the 
while  to  eftablifli  public  places,  where  eledrization  might  be 
more  eafily  performed,  and  with  lefs  expence,  after  the  manner 
Dr.  Prieflley  has  propofed  it:  the  pavement  of  the  room,  he  fays, 
ought  to  be  infulated;  and  the  machine  ought  to  move  by  the  im~ 
pulfion  of  water,  or  of  wind.  To  this  I  add,  that  under  the  room, 
ftoves  ought  to  be  placed  that  might,  when  neceflary,  preferve 
the  infulation  of  the  room,  and  of  the  air  in  it;  that  in  order  to 
procure  a  fufficient  eledricity  to  the  pavement,  and  to  the  bodies 
of  the  people  in  the  room,  a  number  of  glafles  ought  to  be  rubbed 
at  once  ;  the  rubbing  inflruments  ought  to  be  improved,  and 
fince  the  amalgam  of  mercury  and  tin,  by  a  rapid  continued 
fridion,  confumes  the  glafs,  and  renders  it  rough,  and  confe- 
quently  incapable  of  performing  any  longer  its  fundions,  it 
would  be  better  to  keep  the  rubbing  cushions  conftantly  wet, 
than  cover  them  with  amalgam. 

666.  But  would  it  not  alfo  be  a  very  good  precaution,  if  fickly 
perfons  had  around  them,  within  their  clothes,  the  neceflary 
eledric  apparatus  ;  and  the  moving  principle  of  the  eledricity, 
in  their  own  ufual  free  motions?  Very  fine  wool,  when  foftly 
rubbed  with  the  hand,  becomes  ftrongly  eledrified  ;  why  then 
would  it  not  become  equally  eledrified  by  the  fridion  it  would 
receive  from  the  whole  furface  of  the  body,  if  it  were  ufed  in 
lieu  of  linen  ? 


O  o  2 
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6 67.  Even  the  troublefome  fenfation  of  the  friClion  of  wool: 
againft  the  fkin,  might  be  avoided  :  in  winter  time  I  wear  a  waift- 
coat  of  beaver  over  my  linen  fhirt,  and  when  I  undrefs,  I  very  fre¬ 
quently  perceive  thofe  electrical  figns  which  I  formerly  defcribecL 
to  Signor  Vaudania,  in  Art .  and  Nat.Eleffi,  p.  197.  I  think  that 
by  tying  both  the  linen  and  the  waiftcoat  to  different  articulations 
of  the  body,  the  continual  motion  of  it  would  create  a  conftant 
electricity,  which  to  the  lead:  poffible  trouble  would  join  the 
greateft  advantage  ;  the  body  would,  in  this  cafe,  fupply  the  fire 
which  the  linen  would  give  to  the  beaver^ 


Sect.  IV.  Of  the  life  which  Nature  can  make  of  eleftricity  with  re¬ 
gard  to  living  bodies . 

668.  When  I  (hall  treat  of  natural  EleCtricity,  an  occafion 
will  not  perhaps  offer,  to  treat  of  the  ufe  which  Nature  may  make 
of  eleCtricity  with  regard  to  animals,  I  fhall,  therefore,,  treat 
here  of  the  ufe  which  fhe  makes  of  it  with  regard  to  living  bodies* 
univerfally  ;  and  fu  rely,  it  feems,  that  Nature,  who  leaves  no¬ 
thing  unemployed,  and  from  every  element  and  every  elemen¬ 
tary  force,  draws  the  greateft  poflible  effeCt  for  the  completion  of 
her  ends,  muft  needs  greatly  avail  herfelf  of  that  moft  aCtive  ele¬ 
ment,  the  eleClric  fire,,  in  her  extenfive  operations  concerning 
vegetation,  animal  functions,  &c. 

669.  In  faCt,  it  feems  altogether  improbable,  that  the  perpe¬ 
tual  inteftine  motions  with  which  all  the  operations  of  Nature 
are  performed,  fhould  be  executed,  and  that,  in  the  meanwhile, 
the  eleCtric  fire,  which  penetrates  through  all  bodies  and  is  of  it- 
felf  in  fo  high  a  degree  inclined  to  motion,  fhould  remain  in  a 
quiet  fiate;  common  fire,  when  compared  to  eleClric  fire,  feems 
a  kind  of  a  tardy,  fluggifh  fubftance,  and  of  all  the  elements 
known  to  us,  light  alone  equals  it.  I  might  add,  that  as  Nature 
has  allotted  to  all  kinds  of  bodies  a  certain  portion  of  eleClric 
fire,  it  feems  that,  neither  the  dimenfions,  nor  the  qualities 
of  bodies,  can  be  altered,  without  altering  alfo  the  fhares  of  elec¬ 
tric  fire  that  belong  to  them,  and  without  caufing  the  fame  fire 

4,  to> 
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to  move  and  operate.  J  forbear  here  to  dwell  on  all  thefe  confi- 
derations,  as  well  as  omit  feveral  others,  becaufe,  however  well- 
grounded  they  may  appear,  yet  to  our  humiliation  let  it  be  faid, 
we  know  of  no  precife  fads  by  which  we  can  confirm  thefe  con- 
jedures. 

670.  We  have  not  yet  been  able  to  perceive  the  adion  of  the 
eledric  fire,  in  any  eifervefcence,  or  in  any  coagulation,  or  in 
any  evaporation.  In  the  gem  Tourmalin  alone  (whatever  philofo- 
phers  may  have  faid  with  regard  to  eledrifying  fulphurs  and  refins, 
by  heating  them)  it  has  been  found  poflible  to  aduate  the  eledric 
lire  by  the  help  of  the  common  fire.  In  all  other  alterations, 
whether  natural  or  artificial,  of  the  fiats  of  the  eledric  fire  (the 
cafe  of  the  eledricity  in  the  atmofphere  excepted)  it  feems,  that 
it  always  finds  a  place  where  to  equilibrate  itfelf,  in  the  very  fame 
inftant  when  it  lofes  its  equilibrium  in  another  ;  it  feems  that  the 
one  parts  of  fuch  bodies  as  have  their  eledric  fire  unbalanced, 
fupply  this  fame  fire  with  a  proportional  capacity  to  lodge  itfelf 
in,  as  foon  as  the  capacity  of  the  other  parts  becomes  proportion¬ 
ally  leflened. 

671.  I  have  fometimes  had  a  fufpicion,  with  regard  to  the  at¬ 
tempts  that  have  been  made  to  excite  eledricity  by  the  means  of 
evaporation,  that  the  obfervations  had  not  been  made  at  difiances 
fufficiently  great  from  the  efficient  principle  of  the  evaporation. 
Signor  D.  Ceca,  a  mod:  worthy  prieft  in  the  Superga *,  who,  en¬ 
couraged  alfo  by  the  Signor  Abate  Malingri  of  Bagnolo,  has  for 
thefe  two  years  paft  communicated  to  me  feveral  obfervations  he 
has  made  with  regard  to  the  atmofpheric  eledricity,  has,  at  my 
requeft,  made  alfo  the  following  trial  ;  he  raifed  a  mofi  copious 
fmoke  under  the  long  and  lofty  iron  wire,  which,  from  the  cupola 
of  the  temple,  communicates  with  the  parlila  church  ;  but  no 

*  The  Superga ,  a  magnificent  convent  and  church,  fituated  on  the  top  of  a  moun¬ 
tain,  about  four  or  five  miles  diftant  from  T urin,  from  whence  it  is  eafily  difcovered  in 
clear  weather.  It  is  now  the  ufual  place  of  the  fepulture  of  the  kings  of  Sardinia  ;  it  was 
built  on  the  fame  fpot  from  whence  Victor  Ameda,  faw  the  battle  gained  by  prince  Eu¬ 
gene  under  the  walls  of  Turin,  in  the  year  1706,  in  confequence  of  a  vow  he  made* 
in  cafe  the  event  of  the  battle  proved  favourable  to  his  caufe. 


fen  fi  bis 
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fenfible  alteration  took  place  in  the  fmall  electricity  by  which, 
as  it  was  ferene  weather,  the  faid  wire  was  of  itfelf  animated. 

672.  With  regard  to  atmofpheric  eledtricity  it  appears 
manifed,  that  Nature  makes  an  extenfive  ufe  of  it  for  pro¬ 
moting  vegetation.  I.  Tn  the  fpring,  when  plants  begin  to  grow, 
temporary  and  eledtric  clouds  begin  to  appear,  and  pour  frequent 
eledtric  rains  ;  the  eledtricity  of  clouds,  and  of  rain,  increafes 
afterwards  in  dimmer,  and  continues  to  do  fo,  till  that  part  of 
autumn  in  which  the  lad;  fruits  are  gathered  ;  fo  that  it  appears, 
that  the  eledtricity  which  obtains  in  clouds  and  rain,  when  car¬ 
ried  to  a  certain  degree,  ferves  to  promote,  with  regard  to  vegeta¬ 
tion,  the  effedts  of  common  heat. 

673.  II.  It  even  feems  that  eledtricity  fucceffively  fupplies 
common  heat  itfelf,  with  that  moidure,  by  the  help  of  which  it 
adtuates  and  animates  vegetation  ;  which,  if  heat  adted  alone, 
would  inevitably  be  flopped.  In  fadt,  it  is  the  electric  fire  that 
gathers  the  vapours  together,  forms  clouds  with  them,  and  after¬ 
wards  diflolves  them  into  rain;  it  is  the  fame  fire,  therefore,  that 
fupplies  the  earth  with  the  nutritive  moifture  which  is  necefiary  to 
plants  j  and  this  moidure,  by  melting  the  terredrial  Ialine  particles  it 
meets  with,  by  diffufing  them  along  with  itfelf  into  the  inmod 
pores  of  plants,  caufes  them  to  grow  and  vegetate  with  fuch  ad¬ 
mirable  incomprehenfible  regularity. 

674.  III.  The  common  faying  of  countrymen,  that  no  kind  of 
■watering  gives  the  country  fo  fmiling  a  look  as  rain ,  may  be  ex¬ 
plained  on  the  fame  principle.  The  rainy  clouds,  by  extending  their 
own  eledtric  atmofpheres  to  plants,  difpofe  the  pores  of  the  latterto  re¬ 
ceive  with  greater  facility,  the  liquid  which  is  foon  to  follow  -,  and 
the  fucceeding  drops  penetrate  into  them  the  better,  as  every  one 
carries  along  with  it  a  portion  of  the  penetrating  dilating  ele¬ 
ment. 

675.  I  know  that  the  regular  didribution  of  water  which  is 
made  by  rain,  alfo  contributes  to  render  it  particularly  ufeful  ; 
it  even  feems  to  me,  that  to  each  feafon  belong  kinds  of  rain  more 
or  lefs  lading,  more  or  lefs  fudden,  and  falling  in  larger  or  leder 
drops,  according  to  the  different  kind  of  vegetation  which,  in 
every  feafon?  are  to  be  promoted  j  now,  do  not  all  thefe  differences 

i  chiefly 
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chiefly  proceed  from  the  different  degrees  of  the  electricity  which 
fuch  rains  diftribute,  or  rather  accompany.  I  have  the  knowledge 
of  feveral  faCts,  with  which  I  propofe,  in  time,  to  increafe  the  pro¬ 
bability  of  thefe  my  former  conjectures. 

676.  Befides,  the  mild  eledricity  by  excefs,  which,  as  I  haveob- 
ferved  for  thefe  many  years  paft,  conftantly  prevails  when  the  weather 
is  ferene,  certainly  contributes  to  promote  vegetation,  in  the  fame 
manner  as  experiments  have  fhewn  us,  that  this  is  likewife  the  effeCt 
of  the  artificial  electricity  without  /parks.  And  is  it  not  likely, 
that  the  former  kind  of  electricity  promotes  vegetation  ftill  better 
then  the  latter  can  do,  fince  Nature  increafes  it  and  leffens  it,  in 
fuch  circumftances,  and  at  fuch  times,  as  particularly  require  it. 

677.  The  influence  of  eleClricity  on  living  animals  is  not  fo 
manifeft,  nor  can  it  be  fo  immediate.  We  cannot,  indeed,  doubt' 
but  animals,  birds  for  inftance,  indicate  the  changes  of  weather. 
When  I  have  leifure  enough  to  vifit  the  eleCtric  obfervatory  which* 
I  have  eftahlifhed  in  the  gardens  of  the  Valentino ,  I  am  conftantly 
informed  of  future  changes  in  the  ftate  of  the  weather,  by  herns 
which  I  obferve  flying  from  north  to  fouth  ( Atmof  Terr . 
ILleff.  p.  268.)  and  thus  I  fee  the  prognoftic  of  Virgil  verified. 
Nota/que  paludes  defer  it,  atque  alt  am  Juprà  volai  Ardca  ?iubem  ;  Na¬ 
ture  continues  to  be  the  fame,  and  confequently  obfervations  are 
alfo  the  fame  in  different  ages.  However,  it  is  a  difficult  matter 
really  to  diftinguifh  whether  fuch  figns  from  animals,  proceed^ 
from  any  particular  ftimulation  exercif'ed  on  their  fibres  by  the’ 
atmofpheric  eleClricity,  at  the  time  when  an  alteration  of  its  ftate 
takes  place,  or  from  the  joint  alterations  of  the  degree  of  the  damp- 
nefs  in  the  air,  of  the  winds,  and  of  the  eleClric  ftate  of  the  clouds  ; 
which  are  caufes,  no  doubt,  fufficient  to  determine  in  different  ways 
the  feelings  and  motions  of  animals. 

678.  A  greater  and  more  regular  connexion  feems  to  take 
place  between  certain  peculiar  fenfaticns  which  fome  perfons  ex¬ 
perience  at  certain  changes  of  weather,  and  the  ftate  of  the  at¬ 
mofpheric  eleClricity  which  caufes  fuch  changes.  Such  is  the  cafe 
of  which  Signor  Mazeas  fent  an  account  to  Dr.  Hales  (fee  Dr. 
Prieftley’s  Work,  pag.  414.)  of  a  perfon  who  was  particularly 
fubjeCt  to  epileptic  fits  when  claps  of  thunder  took  place  j  but 
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though  this  perfori  affured  him,  that  the  fear  of  thunder  was  by  no 
means  the  caufe  of  his  diforder,  and  that  he  felt  a  real  connec¬ 
tion  between  the  above  phenomena  and  his  epileptical  fits; 
yet,  I  mull:  ftill  confefs,  that  I  do  not  underhand  how  an 
alteration  in  the  atmofpheric  ele&ricity  an  produce  fuch 
effeCts. 

679.  A  fingle  confideration  more  with  refpeCt  to  living  bodies 
in  general,  I  fhall  add  to  thofe  I  have  offered  the  reader,  which 
is,  that  both  in  animals  and  men,  that  kind  of  motion  is  found 
to  take  place  in  a  very  eminent  degree,  which  is  apt  to  raife  an 
electricity.  From  the  friction  that  takes  place  between  two  bo¬ 
dies,  of  which  the  one  is  infulating  and  the  other  deferent,  or  alfo 
between  two  infulating  bodies  that  are  of  a  different,  or  even  of 
the  fame  nature,  but  of  which  the  one  buffers  a  greater  friction 
than  the  other,  from  fuch  frictions,  I  fay,  a  greater  or  lefs  elec¬ 
tricity  is  excited  ;  now,  why  (hould  not  the  ffrong  perpetual  fric¬ 
tion  exercifed  by  the  blood  againfi.  the  venal,  or  arterial  veffels,  alfo 
excite  electricity  ?  Why  fhould  not  a  fmall  globule  of  blood, 
while  it  rubs  againfi;  a  given  part  of  an  artery,  diffufe  into  it  fome 
of  its  own  eleCtric  fire,  or  receive  fome  new  portion  from  the 
fame  ?  I  admit,  that  for  all  this  no  vifible  electricity  will  take 
place  in  the  man,  nor  will  any  eleCtric  atmofphere  be  formed 
around  him,  fince  through  the  deferent  moifiure  in  his  body,  the 
eleCtric  fire  will  continually  circulate  towards  the  place  of  the  fric¬ 
tion,  there  to  re-eftablifh  the  equilibrium  ;  but  then  it  muft  be  ob- 
ferved,  that  I  do  not  mean  to  fpeak  of  an  electricity  that  is  accumu¬ 
lated,  I  only  fpeak  of  an  electricity  that  is  fimply  excited  ;  certain¬ 
ly,  when  I  rub  a  cylinder  either  internally  coated,  or  wet  on 
the  outfide,  a  certain  quantity  of  fire  paffes  from  my  hand  to  the 
cylinder,  though,  either  the  internal  armature,  or  the  external 
moifiure,  are  perpetually  reftoring  the  equilibrium  which  the 
friction  continually  tends  to  alter  ;  and  I  really  think,  that  fuch  a 
perpetual  excitation,  as  mentioned  above,  both  takes  place,  and  pro¬ 
duces  very  beneficial  effeCts,  in  the  animal  ceconomy. 

680.  1  am  much  inclined  to  conclude  this  chapter  with  laying 
before  the  reader  the  extenfive  hypcthefis,  or  rather  conjecture  of 
Sir  Ifaac  Newton,  which  I  already  mentioned  in  page  1 16  of  Art. 
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Eleéf.j  when  I  applied  to  the  eledric  fluid  what  this  great  phi- 
lofopher  Laid  of  an  ethereal  medium  (Newton,  Opt.  quteft.  xx.) 
May  not  the  fenfe  of  fight  condii;  in  the  vibrations  of  this  me¬ 
dium,  which  are  excited  in  the  bottom  of  the  eye  by  rays  of 
light,  and  propagated  to  the  place  of  feeling ,  through  the  folid 
pellucid,  and  uniform  capillaments  of  the  optic  nerve  ?  May  not 
the  motions  of  animals,  continues  he,  be  likewife  produced  by  vi¬ 
brations  of  the  lame  medium,  which  are  excited  by  our  willing 
faculty,  and  thence  through  folid,  pellucid,  and  uniform  fibres  of 
nerves,  are  propagated  to  our  mufcles,  which  they  either  dilate  or 
fhorten  ? 

681.  The  duration  of  vifion,  otherwife  that  lafcing  impreffion 
made  on  our  optic  nerves  by  external  objects,  which  continues  to 
be  felt  though  the  objeds  themfelves  are  removed,  may  allo,  I 
think,  be  explained  by  the  phofphoreity ,  which  is  found  to 
be  proper  to  eledric  light,  as  well  as  to  common  light  ;  fo  that 
the  eledric  fluid  harboured  in  the  fubflance  of  the  organs  of 
fight,  and  vibrated  by  any  light  whatever,  produces  that  durable 
fenfation  we  mention,  in  the  fame  manner  as  if  it  were  produced  by 
the  adion  of  common  light. 

682.  The  velocity  with  which  eledric  fire  moves,  and  the  fa¬ 
cility  with  which  it  penetrates  into  bodies,  may  account  for  the 
velocity  and  eale  with  which  the  impreffions  which  it  produces 
on  our  organs,  are  tranfmitted  to  the  fenforium .  Our  feeling  no 
irritation  when  our  natural  fenfations  are  affeded,  may  partly  be 
owing  to  ufe,  and  partly  to  the  extremely  little  denfity  required 
for  producing  thofe  fenfations. 

683.  But,  however  laudable  conjedures  like  thefe  may  be  in 
themfelves,  however  ufeful  to  excite  our  curiofity,  and  fupportour 
patience  in  the  inveftigation  of  new  fads,  as  well  as  increate  our  in- 
duftry  in  trying  new  experiments,  yet,  I  think,  they  would  be¬ 
come  blameable,  if  we  fuffered  ourfelves  to  be  led  by  them  into 
any  fettled  and  general  conclufions  ;  and  the  more  fo,  fince  our 
natural  lazinefs  and  vain-glory  inclines  us  to  rely  on  our  fpecu- 
lations,  rather  than  make  them  depend  on  fuch  confequences  as 
refult  from  fads,  which  are  always  difficultly  afcertained,  never 
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are  inveftigated  but  with  great  labour,  and  can  only  afford  limits 
ed  information. 


CHAP.  IV. 

On  J parks  relatively  to  fojfils ,  efpecially - 

6 84.  A  S  loon  as  I  had  read  and  repeated  the  noble  experi— 
jt%L  ment  made  by  Dr.  Franklin,  of  fending  an  eleCtrie 
flroke  through  a  narrow  ftripe  of  metallic  leaf,  inclofed  between 
two  plates  of  glals  (Franklin,  p.  67.)  I  became  fenfible  of  the 
law  which  determined  the  place  where  the  fufion  was  to 
take  place.  In  the  fii  ft  place,  I  obferved  the  different  denfity  and; 
amplenefs  of  the  dripe  in  its  various  parts,  before  the  flroke  was 
lent  ;  and  I  found  the  ftripe  melted  in  that  part  where  I  had  ob¬ 
ferved  the  greated  refult,  both  of  rarity  in  the  metal,  and  nar- 
rownefs  in  the  ftripe  f Art  if.  Eie  51.  p.  134.)  II.  I  cut  the  dripes 
into  different  irregular  fhapes,  and  the  fufion  always  took  place- 
where  they  were  narrowed.  III.  I  cut  two  dripes,  the  one  into  a 
rectangular  figure,  the  other  into  an  acute  triangle,  and  placed 
the  point  of  the  latter  in  contact  with  the  fide  of  the  former,  and 
I  always  found  that  the  point  of  the  triangle  had  been  melted  in 
preference  to  any  other  part  (ibid.)  I  concluded  the  experiment 
with  reducing  the  above  law  to  the  univerfal  principle,  that  the 
activity  of  the  eledtric  fire  is  proportioned  to  its  denfity;  in  faCt, 
it  mud  needs  be  brought  to  a  greater  denfity  in  thofe  places, 
where  it  is.  compelled  to  pafs  through  a  lefs  number  of  deferent 
particles. 

685.  Dr.  Franklin  in  his  anfwer  to  Mr.  Kinnerfley,  of  the  20th 
of  February,  1762  (Franklin,  p.413.)  has  expreffed  more  mi¬ 
nutely  the  truth  of  the  above  law,  relatively  to  his  own  experi¬ 
ment;  which  experiment  alone  would  iuffice  to  render,  his  name 
immortal,  fince  he  has  effentially  fhewn  by  it  the  connection 
of  the  effects  produced  by  Nature,  and  of  lightning,  with. 
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thole  produced  by  Art.  A  piece  of  tinfoil,  fays  he,  three  inches 
long,  a  quarter  of  an  inch  wide  at  one  end,  tapering  to  a  fharp 
point,  and  fixed  between  two  pieces  of  glafs,  having  had  the 
ele&ricity  of  a  large  glafs  jar  fent  through  it,  received  no  in¬ 
jury  in  its  broaded  part  ;  towards  its  middle  it  appeared  melt¬ 
ed  in  fpots  ;  where  it  was  narrower,  it  had  been  quite  melted, 
and  about  half  an  inch  of  it,  near  the  point,  had  been  reduced 
to  fmoke.  I  ufually  repeat  the  fame  experiment,  by  placing 
the  ftripe  of  tinfoil  f  e,  which  is  narrowed  in  the  middle,  between 
the  two  pieces  of  glafs  //j,  de  (PI.  III.  fig.  15.) 

686.  By  the  above  law  we  are  alfo  undoubtedly  to  explain  the 
fine  experiments  made  by  Dr.  Priefiley  with  his  brafs  chain.  The 
doctor  has  filled  a  whole  fedion  with  analyfis  of  mod  ingenious  ex¬ 
periments  on  the  prefent  fubjed  ;  and  yet,  he  has  concluded  it  with 
faying,  that,  with  regard  to  the  caufes  of  the  phenomena,  he  has  been 
able  to  make  no  conjecture  worthy  being  communicated  to  the  pub¬ 
lic  ;  and,  indeed,  this  is  too  much  the  cafe  with  us  experiment- 
makers,  who  are  apt  to  go  through  intricated  mazes  in  fearch  of 
what  dands  jud  before  our  eyes.  As  for  me,  as  I  was  fo  fortu¬ 
nate  as  to  difcover  in  the  beginning  the  above  law,  it  has  faved  me 
much  trouble  :  I  ditched  a  very  thin  finali  chain  of  iron,  eight 
inches  long,  on  a  fheet  of  paper,  and  fent  through  it  the  dif- 
charge  of  my  plate.  I  then  faw,  I.  That  finutty  fpots  had  been 
left,  net  in  thefe  parts  of  the  paper  which  the  chain  touched,  ac¬ 
cording  to  Dr.  Priedley’s  account  of  the  fad,  but  in  thofe  places 
where  the  rings  of  the  chain  touched  each  other.  II.  I  examin¬ 
ed  all  the  rings  in  the  points  of  their  reciprocal  contads,  and 
.found  them  all  more  or  lefs  melted  in  thofe  places  :  without 
the  affidance  of  a  lens,  I  could  perceive  bright  points  on  them; 
and  with  a  lens,  I  perceived  manifed  figns  of  a  fudden  fufion.  III. 
With  a  foft  file  I  made  filings  of  metal,  and  placed  a  few  of  them, 
both  on  the  naked  margin  of  the  plate  G  H  (PI.  IV.  fig.  9.)  and 
on  a  piece  of  paper  annexed  to  this  margin  ;  and  fending  the  dis¬ 
charge  of  the  plate  through  thefe  rare  particles,  I  obtained  marks 
on  the  plate  and  the  paper,  exadly  like  thofe  I  had  before  feen, 
after  fending  the  difcharge  through  the  finali  iron  chain;  there¬ 
fore,  the  caufe  of  the  fpots  obferved  by  Dr.  Priefiley,  lies  in 
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the  fufion  that  takes  place  on  the  rings  of  the  chain,  where  the 
fire  is  compelled  to  condenfate  itfelf  ;  that  is,  in  thofe  parts  where 
tire  contact  between  the  rings  takes  place. 

68 7.  All  the  other  effects  obferved  by  Dr.  Prieflley,  exact¬ 
ly  correfpond  with  the  caufes  afligned  above.  I.  Even  the  larger 
chains  ufed  by  Dr.  Prieflley,  mufl  needs  have  given  fome- fmoke, 
and  produced  fpots  like  thofe  above  mentioned,  fince  the  contadi 
between  the  rings  of  thofe  chains,  though  they  were  larger, 
was  neverthelefs  effected  by  only  very  few  points  :  to  this  it  is 
important  to  add,  that  Drr  Prieflley  employed  difeharges  from 
very  confiderable  batteries.  II.  A  difeharge  through  a  continued 
equable  brafs-wire,  ought  to  leave  no  fpots,  fince  there  was  through 
its  whole  length  a  fufficient,  uniform,  capacity.  III.  It  was  very 
natural,  that  the  chain  ufed  by  the  dodtor,  fhouid  lofe  fo  much 
as  half  a  grain  of  its  weight,  fince  part  of  its  fubftance  had  been 
melted  and  driven  into  fmoke.  IV.  On  the  other  hand,  the  di¬ 
minution  of  the  weight  of  the  chain,  ought  not  to  have  been 
greater,  though  the  chain  was  longer,  becaufe  the  refiflance  the 
difeharge  met  with,  and  confequently  its  divifion,  increafed 
proportionally  to  the  number  of  the  rings  through  which  it  had  to 
pafs.  V.  When  the  chain  was  left  at  liberty,  and  fimply  placed  on 
the  paper,  its  rings  ought,  as  they  did,  to  move  forwards  and  get  in¬ 
to  one  another,  becaufe  the  vapour  from  the  melted  metal  mufc 
needs  have  parted  and  driven  the  rings  from  each  other.  VI. 
The  paffing  fpark  ought  to  lighten  moftly  between  the  rings  5 
that  is,  in  thofe  places  where  it  was  compelled,  by  the  narrow- 
nefs  of  the  fpace,  to  condenfate  itfelf.  VII.  When  the  chain  hung 
vertically,  the  light  mud;  needs,  from  the  uppermofl  rings,  have 
grown  gradually  lefs,  the  weight  of  the  lower  rings  rendering 
their  mutual  contadi:  more  complete  and  ample.  VIII.  The  paperi 
even  where  it  was  fomewhat  diftant  from  the  chain,  which  was 
horizontally  ftretched  over  it,  may  very  well  have  been  Rained  with 
lmutty  fpots;  becaufe,  as  we  dial  1  fee  hereafter,  melted  metallic 
particles,  and  the  fmoke  that  rifes  from  them,  may  be  driven  to 
pretty  great  diftanccs. 

688.  One  of  the  experiments  of  Dr.  Prieflley  has,  I  guefs, 
particularly  contributed  to  conceal  the  truth  from  him.  Having 
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placed  a  part  of  his  Tm all  brafs  chain  on  three  half-crowns,  he 
found  that  the  latter  had  been  melted  in  the  points  of  contadi; 
but  it  was  very  natural  that  the  difcharge  fhould  prefer  to  pafs 
through  the  three  capacious  pieces  of  fiiver,  and  leave,  along  their 
whole  extent,  the  fmall  capacity  of  the  chain;  and  in  thofe  places 
where,  from  the  chain,  the  difcharge  got  into  the  diver  pieces, 
as  well  as  in  thofe  where,  from  the  fiiver  pieces,  it  got  back  into 
the  chain,  it  mud  needs  have  melted  them,  in  the  fame  manner 
as,  in  the  former  experiments,  it  melted  the  rings. 

689.  When  Dr.  Priefiley  held  a  part  of  the  chain  on  his  hand, 
the  latter  was  fiained  in  the  fame  manner  as  the  fheet  of  paper 
had  been,  and  he  only  felt  a  great  heat  from  the  chain,  which 
laded  but  a  fhort  time.  This  was  becaufe  the  difcharge  did  not  leave 
the  chain  to  get  into  his  hand,  which  was  of  a  much  lefs  defe¬ 
rent  nature,  as  it  had  done  with  refpecl  to  the  fiiver  pieces,  which 
were. equally  deferent  with  the  chain,  and  more  capacious;  if  the 
difcharge  had  really  got  into  his  hand,  it  would  undoubtedly  have 
burnt  it,  and  not  barely  ftained  it  with  the  vapour  of  the  melted  metal. 

690.  I  finali  conclude  with  an  experiment  of  Dr.  Priefiley, 
which,  in  my  opinion,  completes  the  demondration  of  the  ex¬ 
planations  I  give  here;  it  confids  in  placing  the  chain  through 
which  the  difcharge  is  fent,  within  a  tube  ofglafs.  Dr.  Prieft- 
ley  has  obferved,  that  four  rows  of  fpots  took  place  within  the 
tube,  in  the  fame  manner  as  if  they  had  been  effected  by  four 
chains.  I  have  repeated  this  experiment  :  with  (hort  dicks 
I  fadened  a  fmall  chain  within  the  orifices  of  the  tube  of  glafs  I 
ufed  ;  I  then  fent  through  it  the  difcharge  of  two  large  jars  of  crydal, 
and  1  obtained  the  above  four  rows  of  fpots  :  the  bare  fight  of  which 
pointed  out  to  me  the  caufe  from  which  they  proceeded  ;  every 
fiain  directly  correfponded  to  the  middle  point  of  the  angles  which 
the  rings  formed  between  themfelves  ;  and  the  vapour  which  arofe 
from  the  metal  that  had  been  melted  rn  the  common  apex  of  the 
four  angles  formed  by  every  two  rings,  that  is  in  the  common 
place  of  contadi  between  them,  had  been  thrown  in  four  op¬ 
posite  directions. 

691.  This  fufion  of  metals  in  their  common  points  of  contact,  is 

no  more  than  a  particular  indance  of  the  univerfal  law  formerly  ex- 
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preffed,  which  is,  that  a  fpark  always  melts  metals  in  thofe  places 
where  it  enters  into  them,  and  gets  out  of  them  ;  or  again,  ii  is 
only  a  confequence  of  the  ftili  more  univerfal  law,  that  a  fpark 
operates  on  each  fubflance  proportionally  to  its  own  denfity,  and 
that  it  grows  condenfated  proportionally  to  the  narrownels  of  the 
paffage  through  which  it  is  compelled  to  pafs.  When  a  very  co¬ 
pious  difcharge  is  excited,  both  the  coating  of  the  plate,  and 
the  conducting  bow,  are  melted  in  feveral  fmall  points  of  their 
furface;  if  the  difcharge  be  fent  through  a  quire  of  paper  within 
which  a  leaf  of  tinfoil  has  been  placed,  the  latter  is  melted  the 
more  completely,  as  the  difcharge,  in  this  cafe,  rufhes  more 
united  from  the  leaf  to  the  conducting  bow.;  but  if  two  or 
three  holes  are  bored  in  the  quire,  then  the  fufion  becomes  lefs, 
becaufe  the  difcharge  paffes  more  divided.  If  you  fend  a  fpark 
through  the  point  of  a  large  needle,  perpendicularly  fixed  on  a 
metallic  furface,  a  longer  part  of  it  will  be  melted,  in  proportion  as 
the  fpark  will  be  more  united  and  condenfated  ;  and  when  I  obferve 
the  eifeCt  of  lightning,  I  can  always  find  marks  of  its  paffage 
through  bodies,  both  in  the  place  of  its  entrance,  and  of  its  getting 
out,  and  in  general  in  thofe  places  where  it  has  flowed  through 
very  narrow  parts  of  the  laid  bodies. 

692.  But  in  order  more  completely  to  underhand  this  law  of 
the  places  of  fufion ,  two  others  mult  be  added  to  that  of  the 
condenfation  being  in  an  inverfe  ratio  to  the  fe&ions  of  the  bodies, 
through  which  the  fire  is  to  pafs.  The  one  of  thefe  laws  is,  that 
the  refinance  increafes  proportionally  to  the  length  of  the  me¬ 
dium  through  which  the  paffage  is  effected  ;  this  law  I  have 
mentioned  in  a  former  place.  The  other  law,  which  I  do  not 
know  that  any  body  elfe  has  mentioned,  is,  that  the  refinance 
oppoled  to  a  fpark  by  a  body  through  which  it  is  fent,  is  greater 
in  proportion  as  the  place  of  the  paffage  of  the  fpark,  lies  deeper 
in  the  fubflance  of  the  body,  under  its  furface. 

693.  To  afcertain  the  truth  of  the  firiF  law,  I  placed  a  firipe 
of  gold  or  filver  leaf,  one  line  broad,  between  two  pieces  of  glafs  ; 
the  difcharge  of  iuch  a  coated  plate  as  that  which  I  commonly  ufe, 
melted  it  only  in  a  few  places,  and  a  great  remnant  of  charge  was 
left  in  the  glafs  j  when  the  ftripe  was  fhortened/and  its  extremities, 
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at  the  fame  time,  were  made  wider,  fo  that  its  former  width  of  one 
line  only  obtained  in  a  fpace  of  a  few  lines,  the  difcharge  was  then 
much  louder  and  more  perfect,  and  the  fufion  more  complete  ; 
which  proves  the  truth  of  the  above  afiertion,  that  the  refin¬ 
ance  which  fparks  meet,  is  greater  in  proportion  as  the  length  of 
the  narrow  pafiage  left  to  them,  is  greater.  Dr.  Prieftley  had  be¬ 
fore  made  fimilar  obfervations  ;  with  his  large  batteries  he  could 
melt  an  iron  wire,  three,  fix,  or  nine  inches  long,  according  to  the 
flrength  of  the  difcharge  y  but  could  only  make  red-hot  a  wire  of 
a  greater  length. 

694.  The  fecond  law,  that  the  refinance  is  lefs,  in,  or  near, 
the  furface  of  deferent  bodies,  is  entirely  confident  with  reafon. 
In  fig.  7.  and  8.  of  PL  V.  two  feCtions  of  a  cylindric  body  are  re¬ 
presented  ;  the  one  perpendicular  to  the  axis,  the  other  parallel 
to  it  $  the  direction  of  the  fmall  white  lines  exprefs  the  diredion  of 
the  pores  through  which  the  eleCtric  fire  is  to  infinuate  itfelf  ;  now, 
when  the  fiream  of  it  will  be  fo  copious  as  to  make  it  necefiary  for  it 
to  diftend  thofe  pores,  it  is  evident,  that  it  will  eafily  efteCf  it* 
near  the  furface,  becaufe  the  folid  parts  of  a  body  are  connect¬ 
ed  with  a  fuccefiively  lefs  number  of  other  particles,  in  propor¬ 
tion  as  they  are  placed  at  a.  lefs  depth  within  the  fubftance  of  the. 
fame,  &c. 

695.  This  explanation  is  the  fame  with  that  given  above,» 
why  ftrcng  copious  fparks  almod  entirely  flow  along  the  furface  of 
bodies  which  are  imperfectly  deferent.  Metals  are  the  mod  de¬ 
ferent  bodies  we  know,  yet,  if  we  lefifen  their  dimenfions,  and  in- 
creafe  the  fparks  fent  through  them,  they  become  in  fome  de¬ 
gree  refiftent,  and  a  greater  portion  of  the  fire  is  then  obliged  to  flow- 
along  their  furface,  and  efte&s  a  greater  alteration  in  their  fuper- 
ficial  parts. 

696.  In  fig.  6.  PL  IX.  I  reprefent  the  extremities  A  a,  B  b,  of 
two  brafs  rods,  rounded  in  a  and  by  and  bored  along  their  axis, 
though  fomewhat  obliquely,  from  a  to  E,  and  from  b  to  F  ;  I  in- 
fert  into  thefe  two  holes  an  iron  wire,  the  eighteenth  part  of  a  line- 
thick,  and  fallen  it  by  twilling  it  round  the  faid  rods  in  E  andF, 
fo  that  the  portion  ab  be  three,  fix,  eight,  or  more  lines  long  ; 
lifurround  both  the  wires,  and  the  extremities  of  the  rods,  with,/ 
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melted  fealing-wax,  which  I  *  pour  around  them  ;  I  fend  feve« 
ral  fuccefiive  fparks  from  my  coated  plate  through  the  wire, 
when  I  fee  tlafhes  of  light  take  place  within  the  fealing-wax, 
and  this  light  increafes  according  as  I  fend  a  greater  number  of 
fparks.  After  eight,  or  more  difcharges,  I  break  the  cylinder, 
and  find  the  furface  of  the  wire  black  and  rough  ;  I  fcrape  it  with 
my  nail,  and  a  dull  falls  on  a  leaf  of  paper,  which  has  all  the 
charadleriftics  of  fcorire  of  iron,  and  are,  I  find,  intirely  fimilar 
to  thole  which  may  be  taken  from  the  remains  of  the  iron  wire, 
which  was  ftruck  by  lightning  at  the  Super ga*  Even  when  I  fend 
through  a  fimilar  wire,  though  not  inclofed,  adifcharge  lefs  than  what 
is  requifite  to  melt  it,  I  find  that  it  is  coloured  blue,  and  that  it  is 
blackened,  when  the  difcharge  is  fomewhat  intenfe  ;  now,  the  blue 
colour  indicates  only  a  fmall  degree  of  alteration  of  the  fuperficial 
parts  of  the  metal.  When  the  wires  have  been  blackened,  and  the 
duff  around  them  fcraped  off,  they  appear  bright  underneath,  like 
the  iron  wire  at  the  Super ga  ;  it  feems  as  if  a  part  of  the  phlogiflic 
driven  from  the  metal,  had  been  fixed  on  its  under  furface. 

697.  The  fufion  of  flripes  of  metallic  leaves  between  pieces  of 
glafs,  proves  the  fame  things  :  in  proportion  as  the  glades  are  lefs 
preifed  againd  each  other,  ftains  from  gold  or  filver  leaves,  con¬ 
fili  of  longer  tradts,  or  flripes,  perpendicular  to  the  direction  of 
the  pafiage  of  the  fpark. 

698.  But  let  us  now  treat  more  accurately  of  the  ededts  of  this 
fufion,  or  alteration  whatever,  in  metallic  flripes.  Fird,  a  fpark 
when  it  melts  fuch  flripes,  from  deferenti  renders  them  infulating . 
Send,  as  in  numb.  693,  a  ftrong  difcharge  through  a  long  and  uni¬ 
formly  narrow  flripe  of  gold  or  filver  leaf,  the  crack,  as  was  laid  above, 
will  be  weak,  there  will  be  a  great  remnant  of  charge,  and  though 
you  prefect  afrefh  the  conducing  bow  to  the  plate,  this  remnant 
will  almod  intirely  refufe  to  pafs.  If  you  charge  again  the  plate, 
you  fhall  find  that  the  fame  flripe  can  only  tranfmit  a  filli 
fmaller  portion  of  the  charge,  fo  that  the  remnant  of  it  might  now 
very  eafily  melt  another  flripe  ;  the  meaning  of  all  this  is,  that 
the  particles  of  the  flripe  which  have  been  turned  into  fcorias,  are 
no  longer  deferent,  and  that  the  whole  flripe  is  become  in  great 
meafure  infulating. 
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‘699.  From  this  principle  mufi  be  explained  the  impoflibility 
of  fending  a  difcharge  through  the  Rains  from  metallic  particles,, 
that  take  place  on  a  plate  of  glafs  ;  a  fad,  which  has  perplexed 
Dr.  Priefiley.  Thefe  Rains  are  become  infulating,  exadly  in, 
the  fame  manner  as  the  gold  or  River  Rripes  above  mentioned. 

700.  Another  efFed  of  fparks  with  regard  to  metallic  Rripes, 
is  to  drive  their  particles  into  the  very  fubRance  of  the  glafs, 
which  latter  it  really  melts.  I  have  a  vi  tìbie  demonRration  of  this 
fad  in  a  cylinder  of  folid  glafs,  an  inch  thick,  nine  inches  long  :  its 
ufe  was  to  fix  one  of  the  extremities  of  the  long  iron  wire  with  which 
they  ufed,  at  the  Superga,  to  obferve  the  Rate  of  the  atmofpheric  elec¬ 
tricity,  and  it  was  covered  with  a  cap  of  tin  fliarpened  at  its  top. 
Two  fparks  of  the  intenfe  lightning,  which  in  lafi  September 
firuck  this  apparatus,  flung  from  the  cap  two  pieces  of  the  metal, 
and  drove  them  into  their  wray  along  the  cylinder  of  glafs,  where 
they  imprinted  them  on  the  furface  of  it,  at  the  difiance  of  about 
two  inches  and  an  half  from  the. center  of  the  cap  ;  thofe  Rains 
from  the  metal  are  very  confpicuous  and  bright,  and  are  imprinted  on 
all  thofe  places  of  the  cylinder  on  which  thefpark  as  it  w'ere  refled 
itfelf  :  thofe  places  are  indeed  very  remarkable;  the  glafs  is  melted 
to  a  fenfible  depth,  and  the  waves  that  manifefi  fuch  fufion,  pro¬ 
ceed,  gradually  diminishing,  to  the  fpot,  where  the  melted  metal 
is  fixed  into  the  glafs.  Each  of  thefe  fpots  refulting  from  the 
metal  and  glafs  melted  together,is  difpofed  in  a  longitudinal  direc¬ 
tion,  on  the  furface  of  the  cylinder,  and  they  are  about  five  lines 
long,  and  three  or  four  wide. 

701.  Every  body  may,  by  ufing  firong  difcharges,  afcertain  the 
truth  of  thefe  fads.  I  have  already  obferved,  how,  on  the  fur¬ 
face  of  a  piece  of  glafs,  I  fix  filings  of  metal  well  preferved  and 
whole,  which  would  not  be  poffible,  unlefs  the  glafs  were  fuperficially 
melted;  befides,  if  you  examine  with  your  nails  or  fingers,  the 
place  where  the  narrower  part  of  a  metallic  Rripehas  been  melted 
by  a  fpark,  and  driven  into  the  glafs,  you  filali  find  the  latter 
fomewhat  hollows  and  fenfibly  rough. 

702.  It  is,  therefore,  by  no  means  furprifing,  that  the 
metallic  particles  thus  driven  into  the  glafs,  refi  fi  the  adion 
of  aqua  fortis,  or  aqua  regia  :  they  are  driven  to  a  fenfible 
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depth  into  the  glafs,  and  are  coated  and  protected  by  a  kind  of 
vitreous  fur  or  veil.  It  feems  that  the  above  particles,  when 
entering  into  the  glafs,  draw  around  them  the  fluid  particles  of 
the  latter’s  furface,  and  are  coated  by  them  in  confequence  of  the 
remarkable  chymic  affinity  between  glafs  and  metallic  fubftances. 

70^.  But  Ance  this  heating  virtue  or  force  of  lparks  is  fuffici- 
eient  to  melt  parts  of  plates  of  glafs,  why  could  it  not  (hatter  to 
pieces  the  plates  themfelves.  Dr.  Franklin,  the  inventor  of 
this  experiment,  fir  IF  faw  plates  of  glafs  reduced  by  the  effect 
of  a  (troke,  to  a  kind  of  dull  like  co2rfe  fait,  when  thofe  plates 
had  been  firft  flrongly  preffied  againft  each  other  in  a  prefs.  I  ob- 
ferve,  that  plates  very  feldom  remain  entire,  when  I  have 
fattened  them  to  each  other  with  flrings,  and  comprefled  them 
with  weights.  As  Dr.  Franklin  ufed  metallic  (tripes  uni¬ 
formly  narrow  in  their  whole  length,  the  glafs  plates  were  uni¬ 
formly  broken  throughout  the  length  of  the  (tripes  5  as  to  me,  as  I 
commonly  ufe  (tripes  made  narrow  only  in  fome  fmall  part  of  them, 

I  obtain  more  expreflive  fradtures  ;  that  is,  the  plates  are  (hattered 
into  four,  five,  or  fix  (harp  pieces,  which  exactly  converge  to¬ 
wards  the  point  where  the  (tripe  is  narrowed.  I  have*  among 
others,  a  plate  of  glafs  on  which  are  four  fiffiures,  which  run  from 
the  above  point  to  the  very  perimeter  of  the  plate,  the  whole  plate 
having  remained  united  ;  it*  affords  a  demonftration,  that 
pieces  of  glafs  are  broken  in  that  place  where  the  fire  is  mod: 
condensed. 

704.  In  order  to  (hew  that  moiflure  is  not  neceffiary  to  enable 
a  fpark  to  break  a  fheet*  or  piece  of  glafs,  as  it  was  for  breaking 
the  fmall  tube  of  glafs  mentioned  in  a  former  chapter,  I  very 
carefully  dried  and  poi ifhed  the  pieces  of  glafs  I  ufed  ;  I 
warmed  them,  and  placed  brafs  leaves  between  them  fre(h  taken, 
from  the  book  ;  and  always,  when  I  had  previoufly  taken  care  to 
tie  and  prels  them,  I  found  them  broken. 

705.  To  avoid  the  danger  of  having  any  un&uous  or  moift 
particles  adhere  to  the  brafs  leaf,  I  put  inftead  of  it,  a  few  very 
fine  filings  between  the  pieces  of  glafs,  and  in  this  cafe  alfo 
they  were  broken  * 

706.  Not-. 
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706.  Notwithftanding  the  precautions  juft  now  mentioned,  I 
Was  (till  afraid  left  fome  unperceived  moliture  had  been  the  real 
caufe  of  the  above  phenomena,  but  the  following  accident  has 
removed  my  fufpicion  ;  and,  at  the  fame  time,  has  ex¬ 
plained  to  me  the  reafon  of  all  the  above  fadfs.  Having 

placed  a  ftripe  of  gold  between  two  pieces  of  glafs  in  the  manner 
mentioned  above,  and  fent  a  dilcharge  through  it,  I  faw  one  of 
the  two  pieces  marked  with  fiffures  ;  having  loofened  it,  I  found 
that  the  fi  (lures  only  obtained  on  the  outer  furface  of  it,  and  did 
not  reach  the  inner  furface;  whence  I  concluded,  that  the  heat 
communicated  by  the  fparkto  this  inner  furface,  had,  by  dilating  it, 
prevented  its  being  broke;  and  as  the  heat  had  not  yet 
reached  the  outer  furface  (it  muft  be  remembered  that  glafs 
which  is  not  pervious  to  eledtric  fire,  is  little  more  fo  to 
common  fire)  it  remained  in  its  ulual  fate  of  ftiffhels  and  con¬ 
traction,  while  the  other  furface  of  the  piece  of  glafs- was  dilated  ; 
and  thus  it  was  broken.  Fig.  14  of  PI.  IX.  reprefents  the 
plate  with  the  fiffures  in  its  outer  furface,  the  points  indicate 
the  place  occupied  by  the  gold  leaf,  clofe  to  the  inner 
furface. 

707.  The  third  vifible  effedl  produced  by  (parks,  is  to  alter 
the  colour  of  bodies,  I.  In  holding  the  piece  of  glafs  againft  the 
light,  the  (lain  left  by  gold  appears  of  a  purpureous  colour  ;  in 
examining  the  fame  direCtly  oppofed  to  light,  it  appears  of  a 
golden  purpureous  colour  ;  the  golden  colour  is  much  dilated, 
and  fomewhat  bright,  yet  it  prevails  on  the  purpureous  dye  ;  but 
if  the  other  furface  of  the  piece  of  glafs  be  infpedted,  the  pur¬ 
pureous  dye  prevails  on  the  golden  colour  ;  on  whatever  furface 
of  the  glafs  the  ftain  be  examined,  a  grey  bottom  is  always  to  be 
perceived  through  the  purpureous  or  golden  dyes. 

708.  By  holding  the  piece  of  glafs  againft  the  light,  in  order 
to  obferve  the  ftains  made  by  melted  filver,  they  appear  of  a  co¬ 
lour  which  is  between  yellow,  green,  and  coffee;  in  looking  di- 
j-edly  upon  them,  they  appear  of  a  grey  cinereous  colour,  but 
with  bright  white  points  ;  in  looking  on  the  other  furface  of  the 
glafs,  they  appear  of  the  fame  colour  as  mother-of-pearl. 

CL.q  2 
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709.  In  holding  the  piece  of  glafs  againfl  the  light,  the  Rains-, 
made  by  gilt  copper,  appear  compofed  of  red  points,  like  mi¬ 
nium,  fpread  on  a  grey  bottom;  in  looking  diredly  upon  them, 
you  perceive  a  mixture  of  a  grey  colour,  with  red  points,  fomewhat: 
bright,  but  rarer  than  in  the  former  cafes  ;  when  the  Rains  are  obferv- 
ed  from  the  other  fide  of  the  plate,  the  red  colour  predominates. 

710.  In  examining  through  the  glafs,  Rains  made  by  melted 
tin,  they  appear  of  a  dirty  cinereous  colour  ;  being  diredly  looked 
upon,  they  appear  of  a  deeper  cinereous  colour,  fomewhat  bright  y  ; 
being  examined  from  behind,  this  brightnefs  difappears. 

7 1 1 .  I  have  defcribed  the  above  appearances  in  the  manner  they 
were  effeded  by  the  difcharge  of  my  ordinary  coated  plate.  Sparks-, 
more- or  lefs  intenfe,  I  have  obferved,  produce  a  few  differences, 
but  they,  however,  do  not  introduce  any  material  change  into  the 
appearances  above  defcribed. 

712.  From  thefe  fads  we  may,  I  think,  conclude,  that  the 
metallic  particles  contiguous  to  the  glafs,  fuffer,  in  confequence  of 
this  contiguity,  a  more  perfed  fufion.  ;  this  appears  evident  from 
the  purpureous  colour  perceived  when  a  gold  Rain  is  examined 
from  behind, — from  the  colour  of  mother-of-pearl,  perceived 
when  a  filver  flain  is  obferved  from  behind, — From  the  more  intenfe 
and  copious  red  colour,  which  is  to  be  perceived  when  a  copper  flain 
is  obferved  from  behind, -—and  from  the  vanifhing  of  the  bright 
points  on  a  flain  produced  by'tin,  when  obferved  likewife  from 
behind. 

713.  It  refults,  in  the  fecond  place,  that- efpeciall.y  in  flains 
made  by  filver,  copper,  and  tin,  a  colour  rifes  which  has  a  mix¬ 
ture  of  a  grey  colour  in  it  ;  I  fay,  efpeciallyy  hecaufe  even  in  flains 
made  by  gold,  I  perceive,  when  I  look  diredly  upon  them,  fome¬ 
what  of  this  grey  colour  mixed  with  the  reti  y  and  it  is  by  obferva- 
tions  fimilar  to  this,  that  I  was  led  to  fay  (pag.  134  of  Art ,  Elett.) 
that  flains  of  various  metals  had  their  bottoms  of  pretty  much 
the  fame  colour. 

714.  And  now  thinking,  that  the  affinity  of  glafs  with  me¬ 
tals,  might  perhaps  contribute  to  form  the  colour  of  fuch  bottoms, 

1.  thought  of  comparing  flains  made  on  glafs,  with  thofe  made  : 

on . 
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on  paper.  I  adjufied,  as  formerly,  (tripes  of  different  metals 
between  pieces  of  glafs,  but,  between  one  of  the' pieces  cf  glafs 
and  the  (tripe,  I  inferted  a  (heetof  paper,  and  thus  obtained  very 
equal  Rains,  both  on  the  glafs  and  the  paper  ;  here-  follows  the 
defcription  of  the  Rains  which  conRantly  took  place  on  the  paper. 
I.  A  Rain  made  by  gold,  was  grey  and  purpureous.  II.  The 
Rain  made  by  filver,  grey  and  cinereous.  III.  That  of  tin,  of 
a  grey  ferrugi.neous  colour.  IV.  That  of  copper,  cinereous  grey, 
much  like  that  produced  by  filver.  After  thefe  obfervations,  I 
think  I  may  again  propofe  my  former  queRion  (Art.  Eledi.  p.  135-) 
Is  not  this  grey  colour  arifing  from  the  fulion  of  all  metal',  a 
fign  of  fome  conRituent  principle  common  to  them  all?  Are  not 
the  different  colours  perceived  in  the  Rains  from  different  metals, 
figns,  or  fymptoms,  of  the  different  fubRances,  or  principles,  of 
which  they  are  formed  ? 

715.  The  fourth  vilible  effeft  produced  by  (parks  on  metallic 
Rripes,.  relates  to  the  diRribution  of  the  latter’s  melted  particles. 
Univerfadly,  in  gold,  filver,  copper,  tin,  the  melted  particles 
are  diRributed  into  furrows,  or  daRies,  which  are  tranfverfal  to 
the  direction  of  the  fparks,  fo  that  there  is  an  alternate  feries  of 
lines,  which  are  more  deeply  coloured  in  confequence  of  the  par¬ 
ticles  of  the  metal  being  more  copious,  and  more  completely  melt¬ 
ed,  and  of  lines  in  which  fuch  melted  particles  being  more  rare, 
the  glafs  has  been  left  more  pellucid.  If.  Thefe  alternate  dafhes,. 
or  lines,  are  thinneRin  gold  Rains,  fo  that  to  the  naked  eye  they 
appear  as  if  they  were  one  continued  Rain,  but  with  a  lens  they 
may  be  eafily  diRinguifhed,  except  in  thofe  places  where  the 
fufion  has  been  very  copious;  the  fame  may  be  faid  of  the  alter¬ 
nate  daRies  in  filver  Rains  :  in  copper  Rains,  the  daRies  are  more 
difcernible  ;  in  Rains  from  tin,  they  are  thicker  and  more  appa¬ 
rent.  But,  befides  thofe  'primary  daRies,  which  we  might  call, 
fimple  daRies,  there  are  others  that  are  thicker,  and,  as  it  were, 
compofed  of  feveral  Rmple  ones.  This  obfervation  ferves  more 
amply  to  confirm  my  conjedure,  expofed  in  num.  5 66,  that 
fparks  have .  alternate  places  of  greater  and  lefs  denfities,  ac¬ 
cording  as  the  refifiences  which  alternately,  Rand  firm,  and; 
yield,  occafiQn  it:  univerfally,'  fparks  melt  bodies, more  complete- 
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ly,  where,  from  more  copious  deferent  particles,  they  rudi  into 
fcantier  ones;  and,  likewife,  where  (hey  gather  themfelves  into  a 
Ids  fpace,  in  order  to  rudi  into  a  wider  fydem  of  deferent  par¬ 
ticles  ;  thus,  a  metallic  dripe  is  melted  more  completely,  in  that 
part  of  it  which  is  joined  to  that  which  grows  wider  at  once. 

716.  To  the  fubjed  of  th zdijiribution  of  the  melted  parts  of  metals, 
belongs  allo  the  confideration  of  the  lateral  fmoky  effluvia  from  them, 
which  lie  tranfverfally  to  the  paffage  of  the  fpark.  In  gold  and  filver, 
thefe  trads  arefeen  as  if  covered  with  a  kind  of  exhalation.  Exa¬ 
mine  attentively  a  piece  of  glafs  on  which  gold  has  been  melted, 
and  the  lateral  tracks  will,  in  every  point,  retain  the  violaceous  pur- 
pureous  colour;  only,  this  colour  will  ufually  appear  more  lan¬ 
guid,  as  the  diftance  from  the  center  of  the  ffain  will  be  greater, 
in  confequence  of  the  greater  rarity  of  the  particles  ;  the  fmoky 
tracks  from  a  filver  ffripe,  will  appear  of  a  fky-blue  colour,  in¬ 
clinable  to  green,  which  likewife  gradually  vanifhes. 

717.  Even  from  the  beginning,  I  melted  a  ffripe  of  metal  leaf,  ex- 
poled  to  the  open  air,  either  placed  upon  a  piece  of  glafs,  or  fufpend- 
ed  from  the  headof  the  conduding  bow  f  Art .  Ele5L p.  1  34.)  but  the 
fuffon  was,  in  thefe  cafes,  attended  with  a  few  circumftances  diffe¬ 
rent  from  thofe  above,  which  could  not  but  take  place.  Place  a 
ffripe  of  metal  leaf  upon  a  plate,  with  another  plate  cover  only  an  half 
part  of  the  ffripe,  and  then  fend  the  fpark  through  that  part  of  the 
ffripe  which  is  preffed  between  the  two  pieces  of  glafs,  deep  and 
lading  ffains  will  arile  from  it  ; — from  the  other  part  of  the  ffripe,  a 
ffain  will  refult,  which  will  be  much  more  cf  the  nature  of  fmoke, 
and  will  eafily  be  rubbed  away  by  the  band.  If  the  copioufnefs 
of  the  fpark  be  increafed,  ffains  will  take  place,  even  in  the  open 
air,  pretty  denfe  and  lading. 

718.  By  increaffng  the  fparks,  Mr.  Kinnerffey  brought  them, 
from  melting  metallic  leaves,  to  render  red-hot,  even  in  the  open 
air,  an  iron  wire  the  fifteenth  part  of  an  inch  thick;  the  fparks 
could  even  drive  it  into  fparkling  drops,  and  deffroy  it.  I  at¬ 
tempted  to  repeat  the  experiment,  but  found  the  difcharge  of  two 
coated  plates  infufficient. 

719.  I  then  attempted  with  the  difcharge  of  a  fingle  plate,  to 
lengthen  an  iron  wire,  which  was  a  fixteenth  part  of  a  line 

thick, 
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thick,  or  thereabout.  In  fig.  5.  PI.  X.  is  reprefented  the  appa¬ 
ratus  of  which  I  made  ufe  for  that  purpofe.  I.  Upon  the  hori¬ 
zontal  table  LM,  the  brafs  rule,  AB,  to  which  the  dented  wheel 
RM  has  been  fitted,  is  fo  placed,  as  to  defcribe  an  arch  of  a  circle 
from  the  center  A  ;  to  that  end  the  brafs  rule  is  raifed  on  two 
wheels  or  pullies,  QJT,  which  move  on  a  plate  of  brafs  well 
polished,  and  very  even.  II.  The  arch  KM  makes  the  finali 
wheel  B  move,  which  carries  the  index  BI.  III.  I  infulate  the 
whole  on  a  glafs  plate,  which  I  place  on  a  coated  fheet  ;  I  put  a  can- 
dleftick  on  the  latter,  in  e,  and  then  adjuft  the  iron  wire  to  the  brafs 
rule  in  D,  and  to  the  candleftick  in  Q_.  IV.  Things  being  thus 
difpofed,  by  prefenting  one  end  of  the  conducting  bow  to 
D,  I  make  the  fpark  rudi  through  the  wire  DQ^  eight  inches 
long;  and,  in  this  very  infiant,  the  index  BI  runs  along  the  arch 
I/,  which  is  about  the  twentieth  part  of  the  circle;  the  reafon  is, 
becaufe  when  the  wire  DQjs  lengthened  by  the  fpark,  the  fpring 
E  F  becomes  enabled  to  drive  forwards  the  brafs  rule  A  C.  Hav¬ 
ing  more  accurately  calculated  the  quantity  of  the  motion,  I  found 
it  to  be  a  ninth  part  of  a  line. 

720.  From  this  experiment,  I  alfo  perceived  how  rapidly  the 
finali  degree  of  heat  in  the  wire,  adts,  and  caufes  the  brafs  rul^  to 
move,  and  how  rapidly  the  fame  afterwards  vanilhes.  When  you 
watch  with  attention  the  motion  of  the  index,  in  order  to  fee  it 
reach  the  point  /,  the  fhorteft  moment  of  abfence  is  fufHcient 
to  make  you  lofe  fight  of  it,  and  you  perceive  it  again,  only 
when  it  returns  to  it  :  it  is  only  in  this  laft  part  of  the  arch 
which  the  index  defcribes,  that  it  moves  with  llownefs  and  re¬ 
gularity. 

721.  A  degree  of  heat  more  vehement,  produces  a  lengthning 
of  the  wire,  which  is  greater  and  more  lading.  Mr.  Kinnerfiey 
fent  the  difcharge  of  thirty-fix  bottles  through  an  iron  wire  two 
feet  long,  vertically  drawn  by  a  weight;  the  wire  became  red- 
hot,  and  was  lengthened  a  full  inch  more  than  it  was  before  ;  a 
fecond  difcharge  not  only  lengthened  the  wire  four  inches,  but 
broke  it  in  the  middle  (Franklin,  p.  392.)  By  means  of  the  fame 
battery,  Mr.. Kinnerfiey  jikewife  melted  an  iron  wire  before  Dr. 

Franklin*.* 
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Franklin,  and  fo  inflamed  it,  that  drops  fell  from  it,  and  for  a 
while  continued  burning  on  the  floor. 

722.  Mr.  Canton  and  Dr.  Prieflley  repeated  afterwards  this 
interefling  experiment.  Dr.  Prieflley,  with  his  large  batteries, 
drove  iron  wires  into  fparkling  drops  to  the  diflance  of  feveral  feet  ; 
he  could  even  deflroy  them,  though  dipped  in  water,  and  the  wa¬ 
ter  was  plentifully  fcattered  away.  Dr.  Prieflley  obferved,  that 
the  wires  refilled  more  againfl  being  driven  into  drops,  in  propor¬ 
tion  as  their  length  was  greater  ;  that  iron  wires  threw  burning 
drops  which  fparkled  more  vividly  and  amply ,  than  brafs  wires  ;  that 
when  the  difcharge  was  not  very  intenfe,  feveral  of  the  drops  in¬ 
to  which  the  metal  had  been  fcattered,  afTumed,  when  they  cooled, 
the  fli ape  of  fmall  balls. 

723.  With  a  difcharge  of  three  large  cryflal  jars,  I  can  melt  an 
iron  wire,  the  flxteenth  part  of  a  line  thick  ;  and  the  flumps  of  it, 
which  remain  hanging  from  the  two  brafs  rods,  continue  to  lighten, 
and  throw  fparkling  drops  during  a  fenfible  fpace  of  time  after¬ 
wards  :  thefe  drops  are  exadlly  like  thofe  produced  by  throwing 
iron  filings  through  the  flame  of  a  burning  candle.  The  fmall 
globules  produced  by  an  iron  wire,  when  melted  by  a  middling  dif¬ 
charge,  are  like  the  blackifh  globules  that  are  made  to  fall  on  a 
fheet  of  paper,  by  flriking  a  piece  of  fleel  with  a  flint;  they  confili 
of  iron  nearly  reduced  to  the  fiate  of  fcoriac. 

724.  Nor  is  it  necelfary,  in  order  to  afcertain  all  the  above 
fadls,  to  make  ufe  of  a  very  confiderable  battery  ;  fome  few  iron 
‘filings  placed  in  a  regular  row,  on  the  margin  of  -the  naked 
fheet  of  glafs  HQ_(P1.  IV.  fig.  9.)  will,  by  means  of  a  fingle 
difcharge  of  the  coated  plate  AB,  exhibit  fparkling  drops, 
fmall  globules,  6ec.  I  ufe  the  word  to  melt ,  becaufe  a  more 
proper  exprefhon  is  wanting  in  order  to  exprefs  the  above 
effedl  of  eledtric  (parks  on  metals;  for,  certainly,  copper,  tin, 
lead,  and  iron,  are  rather  deflroyed  than  melted,  becaufe  their 
phlogiflic  is  driven  off,  and  they  are  turned  into  Teoria?,  into  calces, 
or  even  into  glafs  ;  nor  are  the  particles  of  gold,  or  filver  wires, 
fimply  melted,  this  word  only  expreffing  a  fiate  of  fluidity;  they 
are  fcattered  into  fmall  disjointed  particles. 
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725.  Hence  we  may  derive  a  folution  of  the  question  pro- 
pofed  by  Dr.  Prieftley  (p.  729.)  who  could  not  find  any  reafon 
why  fome  metals  are  driven  into  drops,  or  vapours,  by  eledric 
fparks,  while  others  are  only  reduced  to  a  fiate  of  fluidity.  He 
fent  difcharges  through  pairs  of  wires  of  different  metals,  that  were 
equally  thick,  equally  long,  and  joined  together;  when  he  found, 
I.  That  the  difcharge  completely  diffipated  an  iron  wire,  and  left 
a  brafs  wire  intire.  II.  That  another  difcharge  intirely  diffipat- 
ed  another  iron  wire,  and  left  a  copper  wire  intire.  III.  That 
another  difcharge  diffipated  a  copper  wire,  and  left  a  brafs  wire 
intire  ;  though,  thofe  wires  which  were  preferved  intire,  were,  the 
dodor  remarks,  fomewhat  melted  in  the  place  where  they  were 
in  contad  with  the  other  wire.  I V.  That  a  certain  degree  of  charge 
fcattered  a  brafs  wire  into  vapour,  and  left  a  filver  wire  intire.  V. 
That  a  certain  quantity  of  charge  deftroyed  a  brafs  wire,  and  left 
a  gold  one  intire.  VI.  That  a  certain  degree  of  charge  deflroyed 
a  filver  wire,  and  left  a  gold  one  entire.  From  thefe  obfervations. 
Dr.  Prieflley  concludes,  that  metals  may,  with  refped  to  their 
power  of  refilling  the  effeds  of  the  eledric  fire,  be  ranked  in  the 
following  order  :  I.  Iron  ;  II.  Copper;  III.  Brafs;  IV.  Silver; 
V.  Gold.  Dr.  Prieflley  adds  another  experiment,  by  which  he 
proves,  that  lead  is  more  eafily  deftroyed  than  tin. 

726.  This  power  of  metals  of  refilling  fparks,  follows  a  very 
regular  order,  even  with  refped  to  iron,  which,  though  it  is  of  it- 
felf  the  moll  difficultly  melted  of  all  metals,  is  more  eafily  deftroy¬ 
ed  by  eledricity  than  copper,  brafs,  & c.  the  reafon  is,  becaufe 
the  effed  of  fparks  is  not  lb  much  to  produce  a  complete  fulion 
of  the  inward  fubftance  of  metals  (fo  that  their  phlogiftic  be  pre¬ 
ferved,  and  the  metal  only  brought  to  a  Hate  of  fluidity)  as  to 
drive  off  this  phlogiftic  from  the  fuperficial  parts  of  them  ;  now, 
the  facility  of  this  diffipation  of  the  phlogiftic  of  metals,  is  not  pro¬ 
portioned  to  the  facility  of  their  fufion,  butto  the  facility  with  which 
their  fuperficial  parts  may  be  deprived  of  this  phlogiftic  ;  and  it  hap¬ 
pens  that  the  lefs  perfed  metals,  when  expofed  to  the  adion  of  com¬ 
mon  fire,  lofe  their  phlogiftic,  with  a  facility  that  exadly  follows 
the  order  in  which  they  refpedively  yield  to  the  adion  of  eledric 
fparks.  Lead  may  be  turned  into  fcoriae  more  eafily,  and  to  a 
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greater  depth,  than  tin  ;  tin  more  eafily,  and  to  a  greater  depth 
than  iron  ;  iron  fooner,  and  to  a  greater  depth  than  copper  :  the  fame 
obfervation  may  alfo  be  applied  to  the  more  perfect  metals  ;  cop¬ 
per,  when  reduced  to  a  fiate  of  fufion,  lofes  more  of  its  fubfiance 
than  filver  ;  and  filver  alfo  fuffers  a  greater  lofs  than  gold,  which 
fullers  none,  or  at  moil  an  exceedingly  fmall  one. 

727.  Hence  may  be  explained  the  reafon  why  fparks,  when 
not  very  intenfe,  only  defiroy  the  fuperfkies  of  iron  wires  :  the 
reafon  is  the  fame  as  that  for  which  common  fire  gives,  according  to 
its  different  degrees  of  intenfity,  different  colours  to  iron,  and  at 
kfi  brings  it  to  the  black  dye  of  fcorias  ;  a  fiate  into  which  it 
can  more  completely  turn  the  fuperficial.  parts  of  it,  than  the  in¬ 
ternal  ones,  as  the  phlogiftic  of  the  latter  is  protected  by  the  ex¬ 
ternal  parts.  According  to  this  principle,  we  fee  brafs-founders, 
and  efpecially  iron-fmiths,  endeavour  to  proteCt  the  fuperficial 
parts  of  their  metal,  by  keeping  it  covered  with  bodies  extremely 
replete  with  phlogifiic. 

728.  A  more  complete  knowledge  of  the  alterations  produced 
both  by  common  fire  and  eleCtric  fire  in  the  fubfiance  of  iron* 
and  efpecially  in  its  phlogifiic,  with  which  it  feems  remarkably, 
to  abound,  would  throw  a  great  light  on  the  connection  between 
electricity  and  magnetifm,  and  greatly  contribute  towards  unveil¬ 
ing  this  important,  though  dark,  myftery  of  nature. 

729.  It  is  a  faCt  extremely  well  known,  that  an  eledlric  fpark 
of  a  certain  degree  of  intenfity,  fent  through  a  needle,  gives  it,  takes 
from  it ,  or  even  inverts  in  it,  the  magnetic  dire  dì  ion.  This  faCt  is 

more  finiple,  and  has  a  more  extenfive  relation  to  our  mundane 
fyftem,  than  has  been  at  firfi  imagined,  fince  eledlric  fparks 
can ,  in  an  infant ,  alter  the *  magnetic  direction  of  pieces  of 
iron ,  in  the  fame  manner  as  particular  pofitions  of  the  fame ,  can 
only  effe  dì  after  a  long  courfe  of  time.  So  that  it  appears,  that  a 
firong  fpark  does  nothing  more  than  introduce  in  an  inftant,  the 
fame  alteration  in  the  reciprocal  fituation  of  the  particles  of  iron, 
as  is  (lowly  effected  by  the  univerfal  imperceptible  current  of  the 
lame  fluid,  which  moves  within  our  fyftem  with  a  given  direction 
fjitmof  Id  err.  Eledl .  pag.  260.) 
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730.  The  following  is  an  account  of  the  manner  in  which  I 
difcovered  and  afcertained  the  law,  that  eleCtrical  fparks  intro¬ 
duce  the  magnetic  direction  into  needles,  according  to  the  por¬ 
tion  in  which  they  were  placed  when  they  received  thefe  fparks, 
Jf  the  fpark,  faid  I,  turns  the  point  of  the  needle  into  which  it 
gets,  towards  the  north,  whatever  may  have  been  the  fituation  of 
the  needle,  this  is  a  particular  effect  produced  by  a  particular  ac¬ 
tion  of  the  fpark,  which  aCts  according  to  its  own  direction.  This 
important  point,  in  which  the  whole  theory  of  electricity  is  con¬ 
cerned,  and  which  furely  is  not  indifferent  to  the  fcience  of  mag- 
netifm,  has  fo  much  attracted  my  attention,  that  I  took  myfelf  to 
examine  pieces  of  iron,  ferrugineous  ftones,  and  bricks,  which 
had  been  ftruck  by  lightning,  and  of  which  I  had  before  oblerv- 
ed  the  pofition,  in  order  to  form  my  conjectures  with  regard  to 
the  direction  of  lightning  ;  and  Ifaw  that,  when  the  direction  of 
the  ftroke  of  lightning  had  been  from  north  to  louth,  or  from  fouth 
to  north,  all  the  above  bodies  attracted  that  point  of  the  needle 
which  verges  towards  the  fouth,  with  fome  of  their  fouthern,  or 
alfo  of  their  northern  parts  ;  I,  therefore,  began  to  fufpeCt  that  the 
magnetic  direction  introduced  by  lightning,  depended  not  only 
on  the  direction  of  the  latter,  but  alfo  on  the  pofition  of  the  bodies 
which  had  been  ftruck*. 

731.  Then  I  palled  to  experiment  with  artificial  fparks  ;  and. 
In  order  to  avoid  the  tedious  tafk  of  fetting  needles  afloat  in  a  cup 
filled  with  water,  as  well  as  the  danger  of  falling  into  errors,  I 
got  feveral  needles  to  be  made,  as  reprefented  in  PI.  X.  fig.  6. 
to  which  a  finali  cap  made  of  cryftal,  was  adapted;  then  I  rea- 
foned  thus,  if  a  fpark  introduces  a  magnetic  direction  into  a  needle, 
that  depends  on  the  pofition  which  the  needle  had  when  it  was 
ftruck,  no  direction  can  be  given  to  a  needle  placed  at  right  angles 
with  the  magnetic  meridian,  that  is,  placed  equally  between  a 
north  and  a  fouth  direction  :  in  order  to  afcertain  this,  I  ufed  the 
difcharges  of  two  large  jars  of  cryftal.  I.  I  ftruck  a  needle  placed 

*  If  the  above  paragraph,  on  the  contents  of  which  the  author  feems  to  lay  a  parti¬ 
cular  ftrels,  had  been  more  clearly  exprefled  in  the  original,  the  tranflation  of  it  would 
alfo  have  been  fomewhat  clearer. 
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as  above  laid,  perpendicularly  to  the  magnetic  meridian,  and  lent 
the  fpark  through  the  eaft  point  L  ;  but  how  aftonilhed  was  I, 
when  having  placed  the  needle  on  a  bodkin,  and  covered  it  with 
a  glafs  bell,  it  conflantly  aflumed  the  fame  diredion  it  had  when 
1  (truck  it  !  II.  I  placed  the  needle  in  the  fame  pofition  as  be¬ 
fore,  and  now  introduced  the  difcharge  through  the  weft  point  P  ; 
and  having  placed  it  again  on  the  bodkin,  it  kept  its  former  di¬ 
rection.  III.  I  placed  the  needle  on  the  fame  line  as  before,  but 
inverted  it  ;  fo  that  the  point  P  now  aimed  at  eaft,  and  the  point 
L  at  weft;  and  after  fending  a  difcharge,  I  found  that  the  needle 
was  now  directed,  the  point  P  to  eaft,  and  the  point  L  to  weft. 
IV.  Having  again  placed  the  needle  in  the  fame  pofition  as  I  had 
juft  now  done,  I  now  fent  a  difcharge  from  weft  to  eaft,  and 
found  that  the  needle  ftiil  direded  its  point  P  to  eaft,  and  its 
point  L  to  weft.  I  muft  confefs,  that  it  took  me  a  confiderable 
time  before  I  could  unravel  the  myftery;  yet,  the  reafon  of  it 
was  the  very  fame  for  the  finding  or  afcertaining  of  which  I  had 
been  firft  induced  to  make  the  experiment;  that  is  to  fay,  the  fpark 
by  running  through  the  needle,  when  placed  at  right  angles 
with  the  meridian,  gave  a  diredion  towards  the  north  to  that 
part  of  it,  and  of  the  cap  in  the  middle  of  it,  which  lay  on  the 
north  fide,  and  gave  a  diredion  towards  the  fouth,  to  that 
part  of  the  needle,  and  of  the  cap ,  which  lay  on  the  fouth 
fide. 

732.  V.  I  placed  the  needle  diredly  upon  the  meridian,  and 
having  fent  the  fpark  trom  north  to  fouth,  I  found  that  point  of 
the  needle  direded  towards  the  north,  which  had  been  placed 
towards  the  north.  VI.  I  placed  it  again  on  the  meridian,  and 
having  fent  the  difcharge  from  fouth  to  north,  I  found  that  the 
needle  was  ftiil  direded  in  the  fame  manner  as  before.  VII.  I 
again  placed  the  needle  on  the  meridian,  but  inverted  it,  and  a. 
Single  difcharge,  fent  from  fouth  to  north,  inverted  the  diredion  of 
the  needle,  and  the  point  which  before  verged  to  the  north,  now 
verged  to  the  fouth.  Vili.  I  again  placed  the  needle  in  the  in¬ 
veì  ted  pofition  juft  now  mentioned,  and  another  difcharge,  though 
now  lent  from  north  to  fouth,  confirmed  the  laft  diredion  of 
the  needle. 

4,  733.  Lafily3. 
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73 3.  Laftly,  I  placed  the  needle  vertically  ;  and,  IX.  A  dif- 
eharge  fent  through  the  upper  point,  caufed  the  needle  to  direct 
its  lower  point  to  the  north.  X.  1  now  introduced  the  difcharge 
through  the  lower  point,  and  the  fame  direction  was  confirmed. 
I  afterwards  placed  the  needle  in  the  fame  vertical  pofition,  but 
inverted,  and  a  fingle  difcharge  fent  through  the  lower  point, 
inverted  alfo  its  direction.  XII.  Having  again  placed  the  needle 
in  the  latter  pofition,  and  fent  the  difcharge  through  the  other, 
that  is,  through  the  upper  point,  dill  the  latter  direction  was 
confirmed. 

734.  Hence  we  may  univerfally  conclude,  that  /parks  and 
lightning  do  not  introduce  a  magnetic  dir  eB  ion  into  bodies ,  that  be  de¬ 
termined  by  their  own  particular  dir  eB  ion  when  they  enter  into  thofe 
bodies ,  or  get  out  of  them  ;  in  fadt,  that  point  of  the  needle  which 
aimed  at  north  when  the  firoke  was  fent,  is  always  afterwards 
diredied  towards  the  north,  whatever  may  have  been  the  direction 
of  the  fpark  (whether  northwards  or  fouthwards)  in  rufhing 
through  it;  and  (what  is  very  fingular,  and  may  have  been 
the  caufe  of  the  mifiakes  of  former  obfervers)  a  fpark  fent  with  any 
direction  whatever,  through  a  needle  placed  at  right  angles  with 
the  meridian,  always  caufes  thofe  parts  of  it  to  be  directed 
to  the  north,  which  were  placed  on  the  north  fide  when  the 
firoke  was  fent.  But  /parks  and  lightning  introduce  a  magnetic  di - 
reBion  into  a  needle ,  or  other  piece  of  iron ,  or  into  a  ferrugineous 
body ,  according  to  the  po/tion  which  thofe  bodies  were  in,  when  they 
received  the ftroke  ;  and,  indeed,  it  is  a  fadt  very  well  known,  that 
pieces  of  iron  placed  on  the  magnetic  meridian,  gradually  acquire 
the  property  of  directing  towards  the  north,  that  part  of  them 
which  aimed  at  north;  and  that,  of  pieces  of  iron  vertically  lui- 
pended,  that  part  is  afterwards  diredted  to  the  north,  which  hung 
lowefi  when  they  received  the  firoke. 

735.  We  mufi  not,  however,  infer  from  thence,  that  the 
polarity  of  pieces  of  iron  produced  by  a  fpark,  or  by  lightning, 
is  wholly  to  be  attributed  to  their  pofition  ;  fince,  I.  Lightning, 
as  we  fHall  fee  hereafter,  may  create  a  far  greater  magnetical 
power  of  fupporting  weights,  than  any  which  may  arife  from  the 
pofition  alone  of  bodies.  II.  No  brick,  no  ferrugineous  done, 
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can  acquire  from  its  pofition  alone,  the  power  of  attrading  a 
magnetic  needle,  but  may  receive  it  from  a  ftroke  of  lightning. 
III.  The  pofition  alone,  as  I  mentioned  above,  does  not  give  fo 
quickly  a  polarity  to  a  piece  of  iron,  as  a  fpark  can  do,  nor  does  it 
give  it  to  fmaller  needles,  in  fo  high  a  degree. 

736.  Are  not  thefe  peculiar  effects  oi  the  eledric  fire  witn 
refped  to  magnetifm,  fo  many  proofs  which  corroborate  my 
former  conjedures,  that  the  peculiar  magnetic  force  obferved  in 
U  ad- ft  one  9  is  to  be  attributed  to  either  atmofpherical,  or  fubter- 
raneous,  ftrokes  of  lightning  ;  and  that  the  umverfal  fyftematical 
properties  of  magnetic  bodies,  are  produced  by  an  univerlal 
fyftematical  circulation  of  the  eledric  element  ?  It  is  true,  mag¬ 
netifm  is  excited  by  other  means  than  eledricity,  fuch  as  heat¬ 
ing,  hammering,  rubbing,  breaking,  &c.  but  is  not  common 
fire  or  heat,  alio  excited  in  a  number  of  different  ways;  and  yet, 
it  is  always  found  to  be  the  principal  agent,  and,  as  it  were,  the 
author  of  its  own  phenomena. 

727.  But  of  thefe  conjedures,  I  fhall  treat  more  at  large 
In  Nat.  EleB.  now,  proceeding  farther  on  the  works  of  Art  as  to 
eledricity  and  magnetifm,  I  declare,  that  I  never  could  by  any 
method  whatever,  introduce  any  fign  of  diredion,  either  to¬ 
wards  the  pole,  or  towards  fimilar  metals,  in  needles  made  of 
gold,  of  filver,  or  of  copper.  I  do  not  mention  this  in  order 
to  confute  the  opinion  of  thofe  who,  on  that  fubjed,  quote  the 
authority  of  Aldovrandi  in  his  Metallurgia ,  which  indeed  in 
thefe  days,  would  be  needlefs;  but  only,  in  order  to  obferve,  that 
the  property  of  magnetifm  is  wholly  peculiar  to  iron  ;  this  metal 
is  remarkably  replete  with  inflammable  fubftance,  and  whenever 
a  .too  intente  fpark  drives  this  fubftance  from  it,  it  inftantly 
lofes  every  difpofition  to  acquire  magnetic  properties;  which 
circumftance  greatly  increafes  my  fufpicion,  that  fome  igneous 
principle  is  the  caufe  of  fuch  properties,  and  that  this  principle 
produces  them  in  bodies,  by  modifying,  after  fome  peculiar 
manner,  the  inflammable  fubftance  which  they  contain. 

738.  But  what  other  igneous  fubftance  is  more  univerfal, 
either  with  refped  to  its  diffufion,  or  its  operations,  than  the 
eledric  fire  ?  Of  its  diffufion,  I  have  treated  in  the  firft  fedion 
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of  this  work  ;  I  (hall  now  relate  the  different  experiments  with 
which,  in  the  Atmof.  Terr.  ElsB.  (p.  254.)  I  found  means  to 
vitrify,  to  calcinate,  orto  metallify,  feveral  bodies,  conformably  to 
their  nature  ;  and  thus  (hewed,  that  the  electric  fire  produces  in 
an  infiant,  the  fame  alterations  in  bodies,  which  common  fire 
only  can  effect  gradually  and  fiowly.  I.  I  reduced  the  fubfiances 
whether  metallic,  or  of  other  kind,  on  which  I  intended  to  ex¬ 
periment,  into  powder,  which  I  carefully  dried.  II.  I  put  fuch  a 
quantity  of  it  in  a  fmall  tube,  half  a  line  wide,  as  might  form  a 
fmall  cylinder  half  a  line  high,  or  more,  according  as  the  fub- 
fiance  I  ufed  was  more  or  iefs  infulating.  III.  I  rammed  this  cy¬ 
linder,  within  the  tube,  with  two  fmall  iron  rods.  IV.  And  1  aft— 
ly,  I  wrapped  the  tube  with  ftrong  paper,  that  I  might  after¬ 
wards  examine  the  pieces  into  which  the  tube  was  often  (bat¬ 
tered,  efpecially  when  I  experimented  on  fubfiances,  from  which 
very  elafiic  vapours  arofe.  V.  The  fpark  was  ufually  formed  by 
the  difcharge  of  two  coated  plates,  the  fum  of  the  coatings  of. 
which  was  about  feven  fquare  feet. 

739.  L  Powder  of  Borax,  thus  inclofed  in  a  final  1  glafs  tube, 
appeared  at  firft  white  and  opacous  j  after  being  traverfed  by  a  fpark, 
it  appeared  like  a  folid  body,  which  was  tranfparent,  and  adhereed  to . 
the  glafs  ;  the  latter  circumfiance  was  owing  to  the  fpark  having 
melted  alfo  the  inner  fuperficies  of  the  glafs,  as  might  be  difcovered 
with  a  lens,  or  even  without  fuch  affifiance  f  Atmof.  Terr.  Elect. 
p.  2^4.)  II.  Scrapings  from  lammous  jet  became  calcinated  ;  the 
few  parts  of  them  through  which  the  fpark  had  pafled,  could  im¬ 
bibe  water,  and  were  thereby  turned  into  a,  kind  of  mud.  III. 
Litharge  of  lead  acquired  a  yellowifh  tranfparent  colour,  like, 
that  of  amber,  which  is  the  colour  of  litharge  when  vitrified,. 
IV.  From  verdegreafe  there  confiantly  refulted  a  fpot  of  a 
vivid  deep  red  colour,  and  as  glofiy  as  polilhed  marble,  which 
I  immediately  acknowledged  to  be  glafs  of  copper.  V.  From 
calx  of  antimony,  I  obtained  fa  fpot  of  fuch  a  yellow  colour, 
and  fuch  a  tranfparency,  as  made  me  acknowledge  it  to  be  glafs 
of  antimony.  VI.  A  little  powder  of  zinc,  at  the  infiant  that  it 
was  traverfed  by  the  fpark,  threw  two  fmall  flafhes  of  whitifii 
fmoke,  out  of  both  ends  of  the  tube,  which  furred  fo  much  the 
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inner  furface  of  it,  that  flowers  of  zinc  were  very  eafily  ciif- 
cernible  on  it. 

740.  With  refpedt  to  metalliflying  again  metallic  calces ,  it  ap¬ 
pears,  that  fparks  do  not  effedl  it  otherwife  than  by  driving 
into  the  lateral  furfaces  of  thofe  calces ,  what  remaining  phlogidic 
they  may  find  in  thofe  parts  of  them,  which  they  immediately 
enter.  It  is  true,  that  the  ffnoky  track  effected  by  the  paflage 
of  a  fpark  through  a  bit  of  cinnabar,  is  all  over  fprinkled 
with  drops  of  mercury,  and  I  have  feen  fuch  drops  alfo  arife 
from  feveral  other  mercurial  compounds  ;  but  thefe  drops,  we 
are  to  obferve,  were  not  revivified ,  they  were  merely  made  to 
unite  again  together;  for  the  mercury,  in  all  the  above  compounds, 
retains  every  requifite  fubftance  or  principle  to  make  it  exift  as 
mercury,  only  they  are  divided  into  fuch  fmall  particles  as  render 
them  unperceivable  to  our  fenfes.  I  have  repeated  feveral  of  the 
experiments  above,  by  fending  the  difeharges  of  three  large 
cryftal  jars  through  the  feveral  fubdances  above  mentioned,  after 
inclofing  them  between  cakes  of  wax  ;  and  the  effects  were  exactly 
the  fame  with  thofe  before,  only  fomewhat  more  intenfe. 

741.  The  following  experiment  may,  I  think,  ferve  to  fhew 
how  fparks  can  turn  metallic  bodies  into  real  metal,  by  driving 
and  carrying  to  them  fuch  phlogidic  as  they  may  raife  from  the 
places  of  their  paffages,  and  imprinting  it  into  the  furface  of 
thofe  metallic  fubdances.  With  a  little  oil,  anoint  fonie  finali  fpot 
on  the  furface  of  a  well  polifhed  plate  of  iron,  and  fend  a  fpark 
through  that  Ipot,  you  fliall  find  its  colour  turned  into  an  almod 
•argentine  colour,  like  that  of  the  fined  deel  ;  which,  I  think,  is 
owing  to  the  phlogidic  which  has  been  added  to  the  iron.  The 
tame  will  obtain  if  wax,  or  tallow,  are  ufed  indead  of  oil  ;  with¬ 
out  fonie  fuch  like  ointment,  fparks  can  produce  no  fuch  efife&s. 
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CHAP.  V. 

On  the  electric  fire,  relative  to  common  fire. 

742.  "Y  N  examining  all  the  above  effetfts  of  electric  fparks,  with 
X  refpedt  to  air,  to  water,  to  living  bodies,  and  to  foffils, 
we  may  perceive  that  they  are  fimilar  to  thofe  produced  by  com¬ 
mon  fire;  and  all  the  difference  between  them  may  be  reduced  to 
the  following,  viz.  that  common  fire  a<fts  with  great  flownefs,  when 
compared  with  the  elediric  fire,  and  with  lefs  efficacy  ;  which, 
perhaps,  is  owing  both  to  its  being  lefs  denfe  than  the  former, 
and  being  mixed  with  ina&ive  fubftances. 

743.  This  fimilarity  is  rendered  ftill  more  obvious,  by  con- 
fidering  how  eafily  either  fpirit  of  wine,  the  fmoke  of  a  candle 
juft  put  out,  powder  of  colophony,  or  gunpowder,  and  fuch  like 
inflammable  bodies,  may  be  kindled  even  by  very  fmall  fparks,  in 
confequence  of  their  phlogiftic  being  very  copious,  and  litte  fet¬ 
tered  by  either  acqueous,  faline,  or  terreftrial  particles.  The 
leaft  imaginable  fpark  will  inflame  sether  ;  ordinary  fparks  fent 
through  a  fur  of  re&ified  fpirits  of  wine,  a  little  warmed  if  the 
experiment  be  made  in  winter,  will  kindle  it;  even  fparks  drawn 
from  a  piece  of  ice  will  light  a  candle  juft  extinguished.  A  ftrong 
fpark  from  the  Chain  merely,  will  kindle  the  fmoke  of  colophony  ; 
but,  in  order  to  inflame  bare  colophony  reduced  into  powder,  the 
flrongeft  fpark  from  a  coated  plate  muft  be  fent  through  it;  to 
that  end,  the  powder  muft  be  fpread  on  the  coating  of  the  plate, 
and  a  little  warmed  if  the  experiment  be  made  in  winter,  and 
the  fparks  muft  be  drawn  through  this  powder;  with  regard  to 
gunpowder,  it  is  necefiary,  in  order  to  kindle  it,  to  ram  in  and 
carefully  comprefs  its  particles,  in  order  the  more  to  condenfate 
the  fpark  between  them. 

744.  With  regard  to  other  bodies  lefs  inflammable  than  thofe 
above,  there  is  this  analogy  between  them,  «that  the  eledtric  fire 
kindles  pretty  eafily  thofe  in  which  it  finds  a  fufficient  quantity  of 
phlogiftic,  or  which  ftand  near  enough  to  bodies  replete  with 
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that  fubfiance,  to  enable  the  eledric  fire  to  drive  a  certain  quantity 
of  it  into  them.  Place  a  leaf  of  paper,  anointed  with  oil,  wax,, 
or  tallow,  in  the  middle  between  two  quires  of  paper,  and  under 
the  whole,  place  a  (heet  of  tinfoil  ;  then  fend  a  large  fpark,  fuch  as 
that  from  my  three  large  cryfial  jars,  and  you  fhall  find  that  both 
the  anointed  leaf  of  paper,  and  the  two  next,  have  been, 
burnt  around  the  hole  made  in  them  by  the  fpark  ;  you  diali  even 
find  the  edge  of  the  hole  in  the  lad  leaf,  which  is  contiguous  to 
the  dieet  of  tinfoil,  blackened  a  little  ;  and  if  you  examine  this 
latter  hole  with  a  lens,  you  diali  find  it  almoft  filled  with  particles 
of  melted  tin  ;  with  regard  to  the  leaves  in  the  middle  of  the 
quire,  they  preferve  their  ufual  colour.  It  appears  that  the  rapid 
fpark  can  difengage  a  certain  quantity  of  phlogiftic,  only  where 
it  finds  it  in  a  certain  degree  of  copioufnefs  ;  it  feems  alfo  that 
the  fpark  avails  itfelf  much  of  the  phlogidic  it  has  thus  exploded, 
for  kindling  fuch  bodies  as  dand  near,  though  lefs  replete  with 
it  ;  but  of  all  this  I  fhall  fpeak  more  fully,  when  I  come  to  treaty 
of  lightning,  as  it  will  afford  us  much  more  extenfive  and  expref- 
five  examples-.  At  the  Superga,  the  filk  firings  which  keep  the  wires 
feparated,  are  often  finged  by  the  burning  fladies  of  phlogiftic,  which 
the  firong  fparks  that  are  thrown  from  the  neighbouring  ex¬ 
tremities  of  thefe  wires  drive  againfi  them. 

745.  Another  fine  analogy  between  the  eledric  and  the  com¬ 
mon  fire,  1  alfo  difcover  in  the  rings  of  prifrnatic  colours  which 
they  equally  produce,  and  which  Dr.  Prieftley  only  confiders  as  par¬ 
ticular  effeds  of  eledric  fparks.  The  dodor  has  defcribed  thefe 
rings  in  the  fifty-eighth  volume  of  the  Phil.  Tranf.  I  receive  on¬ 
ly  now  that  volume,  with  the  following  (the  fifty-ninth),  and, 
along  with  them,  the  Memoir  concerning  the  above  rings.  I  find 
two  others,  befides  the  above  ;  the  one  treats  of  the  lateral  firength 
of  eledric  explofions,  and  the  fubftance  of  it  is  the  fame  with 
what  I  faid  in  p.  77  of  Atmof.  Terr.  JLledl.  with  refped  to  the  la¬ 
teral  explofion  of  air.  In  the  other  Memoir,  I  find  that  Dr. 
Priefiley  had  dilcovered,  before  me,  the  peculiar  refiftance  which 
a  difcharge  meets,  when  obliged  to  circulate  through  a  long 
Ipace,  within  deferent  fubftances.  It  was  a  fine  experiment 
which  he  made,  by  ufing  a  pair  of  tongs,  inftead  of  a  con- 
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dueling  how,  for  difcharging  a  plate  of  glafs  :  when  the  two 
branches  of  the  tongs  had  been  brought  pretty  near  to  each 
other,  he  obferved,  that  a  part  of  the  difcharge,  indead  of  run¬ 
ning  through  the  long  circuit  of  thofe  two  branches,  preferred  to 
leap  from  the  one  to  the  other,  through  the  air. 

746.  The  fubdance  of  the  other  Memoir,  of  which  I  am  now 
more  particularly  to  fpeak,  may  be  reduced  to  this  point,  viz.  that 
a  drong  fpark  from  three  glafs  jars,  which  is  made  to  rudi  from  a 
plate  of  metal  into  the  point  of  a  needle  perpendicularly  placed  upon 
it,  leaves  around  that  part  of  the  plate  through  which  it  pades,  and 
which  it  deeply  melts,  feveral  very  thin  concentric  circular  rings, 
imprinted  on  the  metals,  which  are  like  the  colours  of  the  rain¬ 
bow.  From  this  phenomenon  I  derive  another  analogy  between 
the  eledlric  and  the  common  fire.  I  light  a  few  fmall  coals  on  a 
forge,  exadly  under  the  funnel  ;  upon  thefe  charcoals  I  place  a 
thin,  long,  and  polidied  fpring  of  deel,  which  is  folded  j  then 
examining  it  attentively  around  the  center  of  the  adion  of  the  heat, 

I  fee  the  fame  colours  take  place  as  thofe  above;  only,  the  bands 
which  form  fuch  appearances,  are  the  more  tortuous  and  broad, 
in  proportion  as  the  heat  of  the  coals  proceeds  in  the  prefent 
cafe  from  a  greater  number  of  parts  difpofed  with  lefs  regu¬ 
larity. 

747.  Univerfally,  the  heat  produced  by  eledric  fparks,  or  by 
common  fire,  extends  over  a  blade  of  deel,  with  an  intenfity 
which  ledens,  in  proportion  as  the  didance  from  the  principle  of 
fuch  heat  increafes  ;  and  thefe  two  fpecies  of  heat  thus  reduce 
the  fuperficial  parts  of  the  blade  to  the  refpedive  degrees  of  te¬ 
nuity  which  are  requifite,  that  they  may,  according  to  the  calcu¬ 
lation  of  the  great  Sir  Ifaac  Newton,  refled  rays  of  various  co¬ 
lours  ;  we  are,  therefore,  by  thefe  experiments  brought  acquaint¬ 
ed  with  the  exidence  of  a  fimple  geometrical  regularity  obtaining 
in  the  operations  of  heat,  in  which  our  fenfes  had  hitherto  allow¬ 
ed  us  only  to  perceive  a  kind  of  perturbated  motion. 

748.  Having  placed  a  thin,  polifhed,  ample  plate  of  brafs,  and 
another  of  filver,  on  charcoals,  J  faw  on  them  the  fame  feries  of 
colours  as  above.  I.  The  experiment  of  Dr.  Priedley,  who, 
hy  repeatedly  fending  frefh  fparks,  widened  the  internal  rings 
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of  colours,  is  not  inconfident  with  theexplanation  abovegiven  ;  new 
fparks  bring  morediftant  particles  of  the  plate  to  a  fiate  of  greater 
tenuity  than  before,  and  the  effedl  is  in  this  cafe  the  fame  as  that 
which  is  fo  remarkable  in  bubbles  made  with  foap-water,  the  upper 
part  of  w'hich  grows  continually  thinner,  in  confequence  of  the 
weight  of  the  water,  and  the  coloured  circles  formed  by  it  become 
gradually  broader.  II.  The  circumftance  of  the  rings  being  ren¬ 
dered  ampler  when  the  point  of  the  needle  remains  a  little  diflant 
from  the  plate,  is  confident  with  the  other  effe&s  of  fparks; 
as  thefe  fparks  leap  farther  from  the  point,  they  mud  needs 
fpread  themfelyes  more,  in  the  fame  manner  as  eledlric,  brufhes 
do. 

749.  But  of  all  analogies  between  the  ele&ric  and  com¬ 
mon  fires,  the  mod  remarkable  is  that  of  the  manner  in  which 
they  propagate  themfelves  through  diderent  mediums,  or  bodies  ; 
in  regard  to  this,  the  following  rule  obtains,  viz.  the  common  fire 
propagates  itfielf  with  mo  ft  difficulty,  through  fiuch  bodies  as  refiufie  to  con¬ 
dii  Si  the  eie  Brie  fire ,  and  mofit  eafily  through  thofie  which  can  conduB  it. 
Dr.  Franklin  (pag.  259.)  fird  mentioned  this  analogy  in  a  letter 
which  he  fent  to  the  Royal  Society,  in  the  year  1756;  I  diali 
here  bedow  a  few  words  on  the  fame  fubjedt.  I.  The  common  as 
well  as  the  eleBric fire ,  are  fipeedily  dijjipated  in  dilated  air.  The  fol¬ 
lowing  experiment  will  ferve  to  fhew  the  truth  both  of  this  fad:, 
and  of  the  reafon  afiigned  in  277,  why  a  flame  is  quickly  extin- 
guifhed  in  dilated  air.  I  hold  a  round  fpoon,  an  inch  and  an  half 
wide,  under  the  beak  of  a  lamp,  and  having  lighted  fome  paper 
placed  upon  it,  the  flame  of  the  lamp  is  extinguidied  ;  the  reafon  , 
of  this  is,  that  the  ample  dame  of  the  paper  drives  the  air  from  the 
fpace  that  furrounds  the  dame  of  the  lamp,  whence  the  whole 
fire  of  the  latter  is  in vifibly  dififipated,  and  forfakes  the  wick.  The 
fpontaneous  dafhes  of  fire  emitted  by  the  phofphorus  of  Kunkel 
under  the  glafs  bell  of  an  air  pump,  which  is  gradually  confum- 
ed,  proportionally  to  the  copioufnefs  of  thefe  dafhes,  is  very  con¬ 
formable  to  the  explanation  juft  given;  the  facility  with  which 
the  copious  fire  contained  in  this  phofphorus  can  of  itfelf  efcape 
(which  makes  it  necefiary  to  keep  it  conftantly  dipped  in  wa¬ 
ter),  enables  it  dill  more  eafily  to  dy  and  burn  away,  when 
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placed  in  a  vacuum  ;  now,  the  flame  of  a  burning  candle  is  diflipated 
exadly  in  the  fame  manner  ;  only,  the  greater  adhefion  of  the 
fire  to  the  fubftance,  which  is  the  pabulum  of  this  flame,  is  the 
caufe  that  one  flafn  being  once  diflipated,  another  does  not  fuc- 
ceed. 

751.  Common  fire ,  and  common  heat,  are ,  as  well  as  eleffiric  fire , 
retained  proportionally  longer ,  in  denfier  air.  A  certain  quantity  of 
air  laterally  driven  againft  a  flame,,  feparates  it  from  its  pabu¬ 
lum,  fo  that  it  can  excite  no  new  fire,  or  flame,  from  it  :  but 
when  air  is  driven  diredly  againfl:  the  ignited  body,  it  carries  the 
fire  which  is  difengaged  out  of  the  fame,  againfl  the  aqueous,  faline, 
orterreftrial  particles  of  which  it  iscompofed;  it  thereby  again  dif- 
engages  the  fire  which  lies  inclofed  within  them,  and  thus  animates 
the  flame.  If  we  raifeour  thoughts  to  more  extenfive  contempla¬ 
tions,  we  fliall  be  likewife  convinced  of  the  infinite  goodnefs  and 
wifdom  of  Providence,  that  has  immerfed  us  in  a  medium  like 
air,  which  fo  eflicacioufly  repercufles  and  preferves  our  vital  heat. 
Is  it  not  another,  effed  of  the  fame  infinite  wifdom,  that  heat  being- 
only  preferved  in  a  fmall  degree  on  the  tops  of  mountains,  in  con- 
fequence  of  the  rarity  of  air,  rains  fall  there  not  only  with  great 
plenty,  but  alfo  concreted  under  the  fhape  of  fnow  ;  fo  that  they 
become,  as  it  were,  coacervated  to  a  great  height,  and,  flowing  from 
thence  with  flownefs,  perpetually  maintain  the  refervoirs  which 
form  rivers,  that  is  to  fay,  the  fprings  of  the  fertility,  as  well  as 
the  induflry,  of  the  populous  plains. 

752.  II.  Common  fire  like  the  eie  Brie  fire  is  eafily  difilpated  through 
tnoifi  vapours.  The  only  reafon,  I  think,  why  a  candle  placed 
above  the  furface  of  boiling  water,  or  of  grapes,  which  are  flrong- 
ly  fermenting,  foon  goes  out,  is  becaufe  that  portion  of  fire  which 
is  already  difengaged  from  the  pabulum ,  can  then  freely  efcape 
through  the  moift  ,  vapour  raifed  from  the  grapes,  or  from  the  wa¬ 
ter  ;  it  was  by  vapours  of  this  kind,  plentifully  diffufed  in  an 
open  fpace,  and  continually  fucceeding  each  other,  that  the  flame 
in  numb.  277,  was  extinguifhed.  If  we  proceed  to  experiment 
on  permanent  inclofed  vapours,  we  fhall  find,  that  the  analogy 
between  eledric  and  common  fire  flill  continues  to  obtain  ;  nay, 
it  proceeds  farther,  and  likewife  takes  place  in  phenomena  of  a  ■. 

contrary 
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contrary  kind  to  thofe  above  mentioned;  that  is  to  fay,  as  thofe 
bodies  which  can  conduit  the  elettric fire ,  yet  refufe  to  tranfimit  more 
than  a  certain  quantity  ofi  it  through  their  own  Jubftance ,  Jo  inclofed 
permanent  vapours ,  impregnated  with  a  certain  quantity  ofi  common 
fire ,  which  they  cannot  difiipate  by  tranfimitting  it  to  other  bodies ,  will 
Jufi'ocate  a  flame .  To  prove  this,  you  may  ufe  the  Ample  experiment 
of  an  extinguilher  of  paper,  made  by  properly  fixing  a  piece  of 
paper  to  the  ring  of  a  large  key.  Put  this  extinguilher  over  the 
flame  of  a  candle,  and  as  you  lower  it,  the  flame  will  fhorten 
itfelf,  without  penetrating  into  the  paper  ;  indeed  the  latter  will 
behalf  burnt  and  blackened  by  the  hot  effluvium,  but  will  not  be 
kindled.  The  flame  cannot  diffufe  itfelf  away,  through  the  va¬ 
pour  contained  in  the  extinguilher,  as  it  would  do  in  the  open 
air  ;  and  this  vapour  being  once  replete  with  fire,  fufiocates  the 
flame, by  refufing  and  reperculfing  it  :  to  be  thort,  the  vapour  inclol- 
ed  and  confined  in  the  extinguilher,  confines  the  flame,  in 
the  fame  manner  as  the  particles  of  this  fame  vapour,  before  their 
being  difengaged  from  the  pabulum,  imprif  ._d  the  fire  in  it, 
and  fixed  it. 

753.  I  prick  the  extinguilher  with  a  needle,  when  a.  fmoke, 
but  no  flame,  rulhes  out  of  it  :  this  is  becaufe  the  vapour  which 
continues  to  be  flopped,  flill  poflefles  a  greater  efficiency  for  fuffocat- 
ing  the  flame,  than  for  animating  the  final!  part  of  it  that  is  now  al¬ 
lowed  to  depart;  this  islikewife  the  reafon  for  which,  from  too 
finali  intervals  between  pieces  of  burning  wood,  no  flame,  but  on¬ 
ly  fmoke,  can  fpring  out.  Out  of  thefe  fuffocated  inclofed  va¬ 
pours,  that  from  gunpowder  muft  be  excepted  ;  the  ftrength  with 
which  its  flame  propagates  itfelf,  which  is  owing  to  the  affinity 
between  charcoal  and  nitre,  exceeds,  at  lead;  to  a  certain  degree, 
the  fuffocating  force  of  the  vapour,  and  the  latter,  which  fpreads 
itfelf  as  ulual,  with  a  very  great  expanfive  force,  fpreads  itfelf 
(owing  to  the  faid  affinity)  a&ually  kindled  and  inflamed. 

754.  Let  us  now  return  to  our  fubjeCt.  In  order  to  prove  the 
common  property  of  electrical  and  common  fire,  of  being  dilfipated 
by  moift  vapours,  this  obfervation  furely  fuffices,  that  all  bodies, 
in  general  grow  cool,  in  proportion  as  a  greater  quantity  of  moif- 
iture  emanates  from  them.  Whence  it  happens,  that  by  wetting 
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a  thermometer  expofed  to  a  current  of  air,  with  any  kind  of  li¬ 
quor,  the  mercury  in  it  lowers  in  proportion  to  the  quantity  of 
moifture  which  evaporates  from  it.  Thence  alfo  the  experiment 
made  by  Dr.  Franklin,  who,  wetting  the  ball  of  a  thermometer 
with  aether,  while  another  perfon  blew  againft  it  with  a  pair  of 
bellows,  faw  the  mercury  in  it  lowered  feveral  degrees  under 
the  degree  of  congelation.  In  fummer,  I  place  a  ftratum  of  ice 
fix  or  eight  lines  thick,  cn  a  table  which  is  unpolifhcd.  I 
leave  it  till  it  begins  to  melt,  then  I  cover  the  upper  furface  of  it 
with  fait,  and  while  this  upper  furface  melts  and  gives  a  fmoke, 
the  under  furface,  which  at  firft  thawed,  now  begins  to  freeze 
again,  and  flicks  to  the  table.  This  is  to  be  explained  by  con  * 
fidering,  that  the  vapour  emitted  from  the  upper  furface  of  the 
ice,  ferves  to  carry  the  remaining  heat  of  the  under  furface,  in 
the  fame  manner  as  the  vapour  which  rofe  from  the  ball  of  the 
thermometer  above  mentioned,  diffipates  the  heat  in  it.  Thence; 
proceeds  the  coolnefs  of  water  contained  in  veflcls,  either  wrap¬ 
ped  in  wetted  cloths,  or  made  of  clay  which  has  not  been  var- 
nifhed,  and  through  which  the  water  continually  oozes.  Whence 
the  coolnefs  of  the  leaves  of  trees,  if  not  from  the  moifture  which 
continually  perfpires  from  them  ?  Whence  the  coolnefs  cf  mea¬ 
dows,  if  not  from  the  continually  emanating  vapours,  which,  be- 
fades  the  heat  of  the  grafs  itfelf,  carry  away  fucceffive  portions  of 
that  which  lies  diffufed  in  the  ambient  air. 

755.  Our  vital  function  confifls,  in  a  great  meafure,  in  dif- 
clofing  fire  from  our  aliments  ;  which  is  effected  by  triturating 
them,  by  mixing  them  together,  by  making  them  circulate,  and  by 
diffufinginto  them  thelieat  already  diffufed  in  former  juices,  in  order 
to  difclofethat  which  they  contain.  It  is  neceffary  that  this  heat,, 
which  perpetually  reproduces,  or  excites  itfelf,  in  the  fame  manner 
as  the  flame  of  a  candle  does,  fhould  perpetually  emanate  from  our 
bodies,  in  a  certain  quantity,  exadlly  as  the  flame  of  the  candle 
requires,  in  order  to  its  continuing  to  live,  to  be  continually  dif-' 
fufed  away  -,  now  aqueous  liquids  are,  in  animal  bodies,  the  chief 
conductors  of  this  heat.  Thus  it  is,  that  harveft-men  preferve 
themfelves  from  the  deadly  efFe&s  of  the  external  heat,  which, 
would  otherwife  keep  within  them  their  own  internal  heat,  and  in¬ 
create  . 
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creale  it  to  too  high  a  degree,  by  plentifully  drinking  and  perfpiring  j 
thus,  we  can  by  the  help  of  a  fan,  cool  ourfelves,  by  bringing  con¬ 
tinually  new  dry  air  into’  contadi  with  our  face,  which  may  carry 
away  moifl  vapours,  and,  confequently,  the  heat  from  it.  The  fea- 
man,  fays  Dr.  Franklin,  in  his  letter  XXVI.  in  which  this  great 
Obferver  treats  this  fu bjedt  with  his  wonted  fagacity,  the  fearnan 
puts  his  finger  into  his  mouth,  and  from  that  part  of  it  which  he 
feels  to  grow  cool  foonefl,  judges  from  whence  the  wind  is  to  blow. 
If  fuch  emanation  of  vapour  from  our  bodies  be  too  copious,  then 
our  vital  flameis  too  much  diffipated  ;  it  is  thus  we  feel  apainfulcold- 
nefs,  when  we  get  out  of  water  after  bathing;  the  moifl:  fur  which 
covers  our  body,  -by  being  difiipated,  carries  aw3y  too  much  of 
that  heat,  which  I  may  call  innate  with  us,  fince  we  bring  it  into 
the  world  from  the  maternal  womb,  along  with  thofe  vital  func¬ 
tions,  by  the  help  of  which  we  afterwards  preferve  it. 

756.  Cannot  we,  in  the  fame  manner,  impute  all  kind  of  artifici¬ 
al  cold,  efpecially  thofe  produced  by  chemical  mixtures,  to  a  diffipa- 
-tion  of  heat,  cauled  by  a  difiipation  of  fome  vapour,  in  thofe  mix¬ 
tures,  which  is  apt  to  condudt  common  fire  away  with  great  effici¬ 
ency?  This  fagacious  extenlive  conjedlure  alfo  belongs  to  Dr.  Fran¬ 
klin  ;  and,  befides,  agrees  with  the  method  defcribed  by  Mr.  Muf- 
chenbroeck,  in. his  Commentaries  on  the  academy  del  Cimento ,  for 
lowering  the  mercury  of  a  thermometer  ;  which  is  by  dipping  it 
into  a  number  of  flakes  of  fnow,  which  are  fucceffively  dellroyed 
by  means  of  fuming  fpirit  of  nitre.  The  latter  is  the  method 
by  which  they  have,  at  Peterfbourg,  fucceeded  to  coagulate  mer¬ 
cury  i  though,  1  muft  add,  that  I  think  that  as  Nature  hath  two 
ways  of  cooling  bodies  (the  one  by  diffipating  their  fire,  the  other 
by  fixing  it)  fo,  we  mud  allow  to  Art  alfo,  two  different  ways 
of  producing  cold.  When  the  acid  of  vitriol,  which  is  difclofed 
by  rufl,  from  a  ferrugineous  body,  is  mixed  with  the  phlogiflic 
of  powdered  charcoal,  only  an  external  tranfient  heat  is  manifeft- 
ed,  but  the  greater  part  of  the  fire  of  this  powdered  charcoal  re¬ 
mains  fixed,  as  I. think,  in  the  Imall  mafs  of  fulphur,  which  reful ts 
from  the  mixture. 

757*  1 1 1  •  Does  not  common  fire  propagate  itfielf  more  eafily .  through 
metallic  bodies ,  than  through  other  J'uch  bodies  as  reprefis  or  refiufie 
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x tleCiricalfire  ?  This  is  evident,  from  the  much  greater  facility 
with  which  water  boils  in  vefiels  of  iron,  of  brafs,  or  of  tin,  than 
in  thofe  made  of  varnifhed  clay  ;  which  obfervation  may  ferve  to 
throw  a  light  on  the  ufeful  art  of  keeping  heat  more  united,  more 
intenfe,  and  preferving  if  longer,  &c.  Dr.  Franklin  poured  melt¬ 
ed  lead  into  a  kind  of  fquare  box,  the  bottom,  and  th ree  fides  of 
which,  were  of  wood,  and  the  other  fide  of  lead  ;  and,  he  obferv- 
ed,  that  the  latter  fide  w'as  l'coner  heated  through,  and  caufed  a 
quicker  coagulation  of  the  melted  metal  than  the  others. 

758.  This  analogy  may  be  carried  much  farther;  heat  may  ren¬ 
der  fuch  bodies  conductors  of  the  electrical fire ,  as  would  other  wife  re  - 
fufie  to  conduCt  it  ;  and  cannot  we  alfio  thinks  that  the  quantity  of  common 
heat  already  introduced  into  a  body ,  enables  it  to  receive  and  transfufie  a 

fidi  greater  quantity  of  it  ?  Thus,  the  heat  of  a  lighted  candle>  by 
gradually  penetrating  into  the  wick,  excites  another  effluvium 
from  it,  which  is  ready  to  kindle,  and  fly  away  in  a  verti¬ 
cal  dire&ion.  It  is  the  heat  of  the  fmoke  arifino;  from  a  candle 
juft  put  out,  that  caufes  it,  when  received  in  a  tube  of  paper  eight 
inches  long,  or  more,  to  kindle,  as  loon  as  a  lighted  candle 
is  brought  near  the  upper  orifice  of  the  tube  ;  when  the  flame  of 
the  latter  feems  to  precipitate  itfelf  towards  the  wick  of  the 
former. 

759.  Is  not ,  moreover ,  the  property  of  electrical fire  of  difpofing 
deferent  vapours  into  its  way ,  likewife  proper  to  common  fire ,  befides 
their  noted  common  propriety,  of  always  diffufing  themfelves  to  an 
equality  ?  It  is,  no  doubt,  the  common  fire,  that,  by  diffufing  it¬ 
felf  to  an  equality  from  the  ambient  air  towards  thofe  bottles  or 
jars  which  are  brought  cool  from  the  cellar,  carries  to  them  the  de¬ 
ferent  moifture  which  we  find  to  coat  them.  It  is  alfo  common  fire* 
which,  in  winter,  by  diffufing  itfelf  from  a  w’arm  room,  towards 
the  cold  panes  of  glafs  in  the  window,  carries  to  them  the  deferent 
moifture,  which,  by  lofing  its  fire  clofe  to  them,  begins  to  freeze.  It  is 
the  fubterraneous  heat  which,  either  the  rivers,  or  the  fea, continual¬ 
ly  draw  from  their  beds,  which  diffufes  temperate  deferent  mifts 
into  the  ambient  air.  The  following  is  a  fadt  which  I  conftantly 
find  to  take  place  :  whenever,  in  winter  time,  the  mift  on  the  river 
Po,  which  is  diftant  only  one  thoufand  four  hundred  paces  from 
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my  habitation,  reaches  to  the  height  of  a  certain  window  on 
the  north  fide  of  my  apartment,  the  mercury  of  the  thermometer 
which  I  keep  at  that  window,  is  fuddenly  lowered  one  or  two  de¬ 
grees  ;  which  is  owing  to  the  heat  which  diffufes  itfelf  from  the 
river,  and  carries  this  flow  mift  along  with  it;  in  the  fame  manner 
as,  in  a  cold  morning,  the  excefs  of  the  fubterraneous  heat  raifes 
a  very  confpicuous  deferent  vapour  from  the  bottom  of  wells. 


CHAP.  IV. 

On  electric  f parks  relative  to  light, 

760.  /"COMMON  fire,  when  difplayed  over  the  furface  of  in- 
flammable  bodies,  afiumes  colours  which  are  extreme¬ 
ly  varied,  according  to  the  nature,  whether  aqueous,  terreflrial, 
or  faline,  of  the  fubftances  by  which  it  was  imprifoned,  and  with 
the  effluvia  of  which  it  always,  though  being  in  an  adtive  fiate, 
remains  more  or  lefs  mixed.  As  to  eledlrical  fire,  it  is  fo  much 
lefs  adherent  than  common  fire  to  the  fubflance  of  bodies,  that  it 
commonly  manifefls  itfelf  free  from  any  mixture  of  them;  nor 
does  it  feem  that  it  exhibits  any  other  difference  in  its  appearances, 
than  what  may  refult  from  its  different  degrees  of  denfity. 

761.  However ,  ought  not  the  deferent  vapours  that  conduct  intenfc 
[parks  along  with  themt  produce  fome  change  in  the  appearance  of  the 
latter?  Indeed,  to  this  caufe,  I  think,  we  are  to  impute,  at  leafl: 
in  fonie  degree,  the  remarkably  red  colour,  aflumed  by  the  fpark 
which  Dr-  Prieflley  fent  along  the  furface  of  a  veffel  full  of  oil  of 
vitriol.  The  reddifh  colour  of  fparks,  fent  into  animal  bodies, 
is,  very  probably,  likewile  owing  to  the  vapour  which  they  raife, 
either  from  feathers,  or  from  hair  ;  the  finging  of  the  latter,  as 
well  as  the  fmell  arifing  from  it,  furnifhes  a  fufficient  proof  of  the 
exiflence  of  fuch  vapours.  The  fpark  which  imprinted  metallic 
particles,  into  the  above  mentioned  cylinder  of  glafs  (700)  feems 
to  have  been  loaded  with  a  great  quantity  of  fuch  particles. 
Now,  mufl  not  the  outward  appearance  of  this  fpark  have  been 
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greatly  altered,  in  confequence  of  the  drange  fubdances  which, 
as  it  were,  veiled  it?  indeed,  accounts  are  very  frequent  of 
lightning  that  has  been  propagated  almod  invifibly,  through  ex* 
tenfive  tra&s  of  very  thick  clouds. 

762.  If  we  except  the  cafes  in  which  the  appearance  of  the  light  of 
the  electric  fire,  is  altered  by  fuch  accidents  as  thofe  above  mentioned, 
v/e  may  fafely  fay,  that  this  fire  is  of  itfelf  extremely  pure  ;  and  I 
never  could  underdand  how  it  might  come  into  the  head  of  fome 
philofophers,  to  think  that  the  light  of  ele&ric  fparks  does  not 
contain  the  feven  prifmatic  colours.  Do  we  not  fee  objects  colour¬ 
ed  and  difpofed  in  the  fame  manner,  by  the  light  of  eledtric  fparks, 
as  by  that  of  a  candle,  or  of  the  fun  ?  and  if  any  doubt  on  that  fub- 
jedt  remained,  the  infpedtion  of  fuch  fparks  through  a  prifm,  would 
foon  remove  it.  The  firfl  Obfervers  who  thought  of  making  an 
experiment  on  that  fubjedt,  did  not  perhaps  take  care  to  diredt 
their  eye  towards  that  place  where  the  fpark  appears  to  be,  when 
looked  at  through  the  prifm,  which  is  very  different  from 
the  place  where  it  really  pafles  ;  and  others  have,  perhaps,  made 
hade  to  copy  the  obfervation,  merely  becaufe  it  was  an  extraor¬ 
dinary  one. 

763.  The  light  of  eledtric  fparks,  like  every  other  kind  of  light, 
mud  naturally  have  the  property  of  raifing  a  phofphoreity ,  that  is 
a  power  of  giving  light  in  the  dark,  on  the  furfaee  of  feveral  bo¬ 
dies  ;  yet  it  is  only  chance  that  has  difcovered  this  property  to 
M.  de  Lane,  follow  our  reafonings  fometimes  are.  Dr.  Franklin 
gave  me  the  fird  information  of  this  difcovery;  and,  at  the  fame 
time,  fent  me  fome  of  the  excellent  phofphorus  difcovered  by  Mr. 
Canton,  informing  me,  that  it  continued  to  emit  light  for  a  con- 
fiderable  time,  when  the  dadi  of  a  fpark  had  been  excited  near  it. 
I  thereupon  betook  myfelf  to  make  experiments  on  the  numerous 
clafs  of  phofphoreous  bodies,  enumerated  by  my  refpedted  friend. 
Signor  Beccari,  in  the  Comentari  Bologneji ,  and  was  foon  enabled 
to  anfwer  Dr.  Franklin,  that  the  phofphoreity  of  the  electric  light 
was  the  fame  with  that  of  the  folar  light.  I  diali  relate  here  fome  of 
the  experiments  of  which  I  wrote  him  the  defcription.  A  full 
difcharge  of  my  ufual  coated  plate,  fent  through  powdered  fugar, 
produced  the  beautiful  light  of  a  copious  luminous  diovver,  and 
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left,  as  it  were,  a  glory*  of  light  around  the  place  which  drew 
the  fparks.  I  alfo  found  that  a  like  glory  remained  imprinted  on 
the  furface  of  a  very  fine  dry  linen  cloth.  Thofe  bodies  which 
Signor  Beccari  has  obferved  to  retain  folar  light  in  the  higheft  de¬ 
gree,  I  have  obferved  likewife  to  retain  bed;  the  light  of  eledtric 
fparks. 

764.  I  made  alfo,  in  this  fame  letter,  if  X  remember  right,  a 
digreffion  on  the  light  emitted  by  falts  while  they  are  pounding. 
Sugar,  for  inftance,  while  it  is  pounding,  emits  light  more  eafily, 
than  any  other  fait,  as  well  as  more  plentifully,  and  more  like 
that  of  eledbic  fparks.  In  order  to  obferve  the  light  yielded  by 
gem  fait,  rock-alum,  and  by  other  falts  in  general,  the  eye  muff 
be  well  prepared,  and  intirely  free,  to  ufe  a  phrafe  agreeable  to 
the  fubjedt,  from  any  phofphoreity  of  its  own  j  and  fuch  falts  muff, 
befides,  be  pounded  with  blows  that  rapidly  fucceed  each  other. 
You  may,  when  in  the  dark,  frighten  fimple  people  only  by 
chewing  lumps  of  fugar,  and,  in  the  meanwhile,  keeping  your 
mouth  open  ;  which  will  appear  to  them  as  if  full  of  fire  :  to 
this  add,  that  the  light  from  fugar  is  the  more  copious  in  propor¬ 
tion  as  the  fugar  is  purer.  By  breaking  in  the  dark  the  outward 
cruft  of  extremely  refined  fugar,  which  covers  certain  comfits,  a 
light  fprings  out  of  it,  which  is  exadtly  like  that  of  eledtric  fparks. 

Ì  muff,  however,  confefs,  that  notwithftanding  the  fimilarity  of 
the  outward  accidents,  I  could  not  fucceed  to  afcertain  whether 
the  fubftance  which  lightened,  while  falts  were  pounding  or 
breaking  is  the  fame  with  the  light  of  the  eledtric  fire  :  very  thin 
threads  applied  both  within  and  without,  to  the  fides  of  a  glafs 
mortar  in  which  X  pounded  refined  fugar  with  a  glafs  peftle, 
produced  no  fign  whatever  of  eledfricity  ;  neither  did  threads- 
placed  clofe  to  the  fugar  itfelf,  or  affixed  to  the  infulated  tongs  with 
which  I  ground  it,  afford  any  eledtric  fign. 

*  A  glory y  is  a  word  ufed  in  Catholic  countries,  to  exprefs  that  luminous  fplendid 
appearance,  which  is  fuppofed  to  furround  the  heads  of  faints,  of  the  Virgin  Mary,  or 
of  God  himfelf,  and  with  which  they  are  reprefented  in  the  pictures  that  are  made  of 
them;  hence  the  metaphorical  expreffion,  a  glory  of  light,  has  been  formed,  which  is 
fiequently  ufed  in  common  fpeech  and  writing,  and  is  meant  to  fignify  any  kind  of  ex- 
tenfive  luminous  appearance. 
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765.  This  light  yielded  by  falts  muft,  therefore,  proceed  from 
a  fubftance  which  finds  itfelf  in  much  the  fame  (late  within  them, 
as  common  fire  is  within  bodies  in  general  ;  and  the  violent  fepa- 
ration  of  the  particles  of  thofe  falts,  vibrates  fuch  fubftance  through 
very  {hort  intervals,  and  without  intirely  freeing  it  out  of  the  pores 
in  which  it  is  contained.  But  are  not  falts  the  chief  links  ufed  by  na¬ 
ture  for  confining  and  fixing  the  fubftance  of  fire  ?  What  are 
pyrites  in  the  mineral  kingdom,  but  falts,  which,  being  united  with 
a  few  metallic  particles,  confine  a  great  quantity  of  fire  ?  and  in 
the  vegetable  kingdom,  does  not  common  fire  difengage  itfelf  the 
more  eafily  from  woods,  in  proportion  as  the  latter  are  more  free 
from  faline  particles  ;  whether  they  are  naturally  fo,  ora  diftolv- 
ing  moifture  has  rendered  them  fuch.  Why  is  the  flame  which 
rifes  from  beech- wood  that  has  been  fent  down  rivers  in  floats, 
fo  mild  and  clear,  if  it  is  not  becaufe  water  has  diflolved  the  falts 
which  the  wood  contained  ?  Why  does  wood  decayed  by  lying  dur¬ 
ing  a  long  time  in  moifture,  emit  light  ;  and  why  is  it,  at  the 
fame  time,  much  lighter  and  brittler  than  common  wood,  if  it  is  not 
becaufe  fuch  moifture  has  diflolved  and  carried  away  thofe  heavy 
tenacious  links,  falts  ?  In  confequence  of  this  diflolution,  fire  is 
become  enabled  to  difengage  itfelf  by  virtue  of  its  expanftve 
force,  from  its  now  widened  cells,  and  to  begin  to  move,  though 
indeed  with  fuch  flownefs,  and  in  fuch  finali  quantity,  as  only 
allow  it  to  yield  light,  but  not  to  afford  any  heat  that  may  be 
perceived  by  our  fenfes.  Is  not  the  above,  the  true  reafon  of  the 
light  produced  by.  cockle-filh  and  fea-fifh,  and  of  that  which  ap¬ 
pears,  in  dark  nights,  on  the  furface  of  the  fea,  and  is  caufed,  as  > 
Mr.  Canton  has  fhewn,  by  floating  fubftances  that  putrefy. 

766.  One  thing  I  have  fucceeded  to  afcertain  with  refpetft:  to 
another  kind  of  light,  which,  as  far  as  I  know,  has  not  been  ob- 
ferved  by  other  experiment-makers,  and  is,  as  I  have  found,  a  real 
eleóìric  light.  I  mean  the  light  emitted  by  glafs,  and  other  inf ulating 
bodies  of  a  certain  thinnefs ,  when  violently  Jiruck  by  air.  Here  fol¬ 
lows  the  fubftance  of  what,  on  a  former  occafion,  I  wrote  with  re¬ 
gard  to  the  difcovery  and  nature  of  fuch  light,  to  my  illuftri — 
ous  friend  the  Count  of  Scarnafigi, 
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767.  I.  Wiping  to  difcover  fomething  with  refpeft  to  the 
eledtric  fire,  with  which  the  fubftance  of  our  air  is  replete,  I  had 
formerly  attempted  to  fee  whether,  while  I  drew  the  air  from  a 
glafs  bell,  in  the  dark,  1  could  perceive  any  light,  or  whether  I 
could  perceive  any  motion  in  the  hair-threads  which  I  had  fixed 
to  the  faid  bell;  but  my  endeavours  proved  ineffectual. 

768.  II.  SufpeCting  that  the  finali  electricity,  which  I  fuppofed 
to  be  produced  by  the  dilatation  of  the  air,  might  remain  unper¬ 
ceived,  on  account  of  the  flownefs  of  this  dilatation,  and  imagin¬ 
ing  no  poflible  means  of  fuddenly  producing  a  vacuum,  I  thought 
of  breaking  in  the  dark  a  few  glafs  balls  that  had  been  blown, 
when  I  faw  an  infiantaneous  light  take  place,  the  vividity 
and  amplenefs  of  which  was  proportioned,  it  feemed,  to  the 
amplenefs  of  the  ball,  and  likewife  to  the  noife  which  the  air 
made,  when  fuddenly  filling  the  vacuum  that  was  opened  to  it.  This 
light  was  much  like  the  mild  light  which  is  diffufed  by  thofe 
fiafhes  of  lightning  which  take  place  in  ftormy  weather, 
and  extend  beyond  the  limits  of  the  clouds,  without  offending 
the  eye. 

769.  III.  In  breaking  thefe  balls,  a  finoky  finell  takes  place, 
which  mofi  probably  proceeds  from  the  green  rufhes  which  are 
put  in  thofe  balls,  when  they  are  made,  in  order  that  the  vapour 
from  them  may  fwell  the  balls.  Defiring  to  afcertain  whether  the 
light  which  appeared  when  the  balls  were  broken,  did  not  alfo 
proceed  from  a  certain  quantity  of  fire  that  was  difengaged 
from  this  fame  fmoke,  I  procured  balls  blown  with  a  lamp,  and 
they  alfo  emitted  light,  inalefs  degree  indeed  than  the  former, 
but  very  vifibly,  efpecially  when  I  broke  them  within  a  large  cup 
of  white  clay,  and  took  care  not  to  fhut  my  eyes  at  the  infiant 
that  I  firuck  the  ball.  The  decreafe  of  the  intenfity  of  the  light 
in  the  latter  cafe,  was  proportioned  to  the  diminution  of  the 
exadtnefs  of  the  vacuum,  and  of  the  bulk  of  the  balls  ;  thefe  two 
circumfiances  caufed  the  explofion  to  be  effected  with  much  lefs 
force  in  the  latter,  than  in  the  former  inftances. 

770.  In  order  to  afcertain  fiill  farther  the  truth  of  the  above 
reafoning,  I  narrowed,  with  the  help  of  a  lamp,  the  neck  of 
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fome  Florence  flafks  ;  I  introduced  Tome  water  into  them,  which  i 
made  boil,  and  then  fuddenly  clofed  their  orifices  ;  this  done,  I 
found,  when  I  broke  them,  that  they  emitted  in  the  dark  as  much 
light  at  leaf!  as  the  balls  that  had  been  blown  at  the  furnace; 
therefore,  the  light  of  thefe  balls  does  not  arife  from  any  fmoke 
contained  in  them,  and  the  caufe  above  afligned  to  the  diminution 
of  the  light  that  took  place  when- only  balls  made  with  a  lamp 
were  ufed,  was  the  true  one. 

771.  In  order  filili  more  to  free  the  above  light  from  any  fufpicion 
of  a  mixture  of  common  fire,  I  drew  the  air  from  leverai  large  flalks 
with  an  air-pump,  and  they  all  gave  me  a  light  when  I  broke  them  ; 
which  light  was  proportioned,  as  to  its  extent  and  vividity,  to  the 
bignefs  of  the  flafk,  and  the  loudnefs  of  the  explofion  that  had 
taken  place.  This  proportion  I  have  found  pretty  confiant  in 
all  my  experiments.  Such  balls  as  were  cracked  and  fomewhat 
full  of  air  when  I  broke  them,  afforded  no  light,  as  well  as  no 
noife  ;  others  which  received  only  a  crack  from  their  fall,  imbibed 
air  flowly,  and  did  not  lighten  \  other  balls,  or  flafks,  only  imper¬ 
fectly  emptied  of  air  at  firft,  produced  both  a  fmall  light,  and  a 
fmall  noife. 

772.  Care  muft  be  had,  when  larger  flafks  are  broken,  led: 
fhivers  from  them  fihould  leap  to  the  face,  and  endanger  the  eyes 
of  the  obferver.  When  I  experiment  with  thofe  flafks,  I  ufe  to 
look  through  a  plate  of  cryftal  ;  and  in  order  to  preferve  it  from 
being  obfcured  by  my  breathing,  I  adapt  to  my  nofe  and  mouth  a 
fheet  of  paper  which  protects  it. 

773.  In  order  to  difcover  whether  the  light  I  mention  proceeded 
from  the  firoke  of  air,  or  whether  it  Amply  arofe  from  the  breaking  of 
the  glafs,  I  took  to  experiment  with  a  few  of  the  celebrated  pieces  of 
glafs,  fometimes  called  Batavic  drops ,  which,  as  I  had  obferved  before, 
equally  break  in  the  vacuum,  and  in  air  ;  and  by  their  means  I  pro¬ 
cured  infiances  of  impetuous  fra<5tures  of  glafs,  made  without  any 
firoke  from  air.  1  therefore  broke  a  large  quantity  of  them,  and 
neither  I,  nor  any  other  perfen,  ever  could  perceive  In  the  com¬ 
pieteli  darknefs  we  could  produce,  any  light  arifing  from  them. 
M.  Poliniere  fays,  he  once  faw  a  fmall  light,  which  begun  at  the 
place  of  the  breaking,  and  ran  up  to  the  head  of  the  drop. 

The 
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The  Abbe  Nollet  fays,  that  he  thinks  he  remembers  his  having 
once  feen  fome  fuch  light  ;  but,  to  me,  it  appears,  that  M.  P ca¬ 
lmiere  faw  too  much,  and  that  the  Abbe  was  fatisfied  with  too 
little. 

774..  In  thofe  Bata  vie  drops,  however,  a  few  fmali  bubbles  aie 
to  be  difeerned  :  thefe  gave  me  fome  miftruft,  left  they  ftiould  be 
filled  by  air,  and  I  tried  again  the  experiment  upon  Bologna  bottles, 
the  thick  bottom  of  which  was  without  any  fuch  bubble;  their 
fhivers,  when  they  broke,  were  driven  away  with  great  force,  but 
I  could  not  perceive  the  leaft  light  from  them.  One  indeed  of  tneie 
bottles  emitted  a  light,  but  this  circumftance  was  joined  with  that 
of  a  pretty  loud  crack,  and  the  bottle  was,  as  I  found,  both  a  Bo¬ 
logna  bottle,  and  a  ball  emptied  of  air  at  the  fame  time,  like  thofe 
above  mentioned  :  I  had  hermetically  fealed  it  at  the  furnace,  and 
letting  apart  the  thicknefs  of  its  bottom,  it  was  much  like  thole 
flafks  into  which,  a  few  years  before,  I  had  feen  the  noble  and 
fagacious  Count  of  Scarnaftgi,  put  fhavings  of  tin,  which  he  af¬ 
terwards  kept  for  a  long  time  in  a  ftate  of  fufion,  with  the  flame  of 
a  lamp  of  fpirit  of  wine,  in  order  to  (how  that  they  received  thence 
no  increafe  of  their  former  weight. 

775.  I  broke  again  feveral  Batavic  drops,  in  the  vacuum 
of  the  air-pump,  and  could  not  perceive  the  leaft  light. 

776.  Having  thus  afeertained,  as  far  as  I  poflibly  could,  that 
the  light  perceived  in  breaking  glafs  bombs  andflafks,  arofe  only  from 
the  ftroke  of  the  air,  I  undertook  to  examine  whether  fuch  a  ftroke 
againft  any  other  fubftance  would  produce  the  like  effect.  I,  at 
feveral  times  tied  bladders  on  the  orifice  of  a  thick  drum  of  cry- 
ftal,  which  I  ufed  as  a  glafs  bell,  and  when  the  outward  co¬ 
lumn  of  air  broke  through  the  bladder,  and  precipitated  itfelf 
through  it,  I  could  not  perceive  any  light.  I  very  often  by 
ufing  thick  ftrong  bladders,  fucceeded  to  bring  the  vacuum  with¬ 
in  fuch  drums  to  a  great  degree  of  exadtnefs,  and  at  other 
times,  I  broke  the  bladder  with  my  finger,  when  only  ten,  eight, 
five,  or  only  four  ftrokes  of  the  embolus  had  been  given,  and  I 
never  could  perceive  the  leaft  appearance  oflight;  whence  I conclud¬ 
ed,  that  the  light  perceived  when  glafs  bombs  and  flafks  were  broke 

did 
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did  not  proceed  from  the  ftroke  of  the  outward  air  againft  a  rem¬ 
nant  of  inward  air. 

777.  I  now  placed  under  the  drum  a  very  thin  fialk  of  glafs, 
and  when  the  air  fuddenly  broke  through  the  bladder  fkin,  I  had 
the  pleafure  to  fee  lmall  flafhes  of  lightning  arile  in  the  place  where 
I  knew  the  flafk  lay.  I  afterwards  fubftituted  flafks  of  thick  glafs, 
and  the  ftroke  of  the  air  againft  them  did  not  produce  any  light. 

I  alfo  placed  feveral  veffels,  or  plates,  of  different  metals,  and  of 
different  fizes  and  fliapes,  within  the  drum,  and  no  light  ever  re- 
fulted  from  the  ftroke.  I  afterwards  placed  under  the  drum  a 
cylindric  veffel  of  fealing-wax,  an  inch  wide,  three  inches  high, 
and  pretty  thin,  and  at  every  time  that  I  made  the  experiment,  I 
faw  it  lighten,  efpecially  around  the  brim,  which  was  thinner  than 
the  body  of  it,  and  fomewhat  uneven  ;  this  circumftance  I  fhali 
add,  that  none  of  the  ftrokes  of  air,  though  ever  fo  vehement, 
ever  happened  to  break  the  veffel;  which  was  owing,  I  think,  to 
the  equality  and  fimultaneoufnefs  of  the  ftroke,  on  both  the  internal 
and  external  parts  of  it. 

778.  Thus,  through  a  feries  of  experiments,  I  afcertained  this 
fmall  truth,  viz.  that  the  light  emitted  by  glafs  bombs  and  flafles 
emptied  of  air ,  is  an  electrical  light ,  which  the  impetuous  flroke ,  or  ve¬ 
hement  friction  of the  air ,  excites  from  infida  ting  bodies  ;  this  particular 
fadt  does  not  indeed  difcover  any  new  relation  between  light  and 
the  eledtric  fire;  but  it  affords  a  new  proof  of  the  fadt  generally 
obferved,  viz.  that  the  eledtric  fire  emits  light  whenever  it  is 
made  to  flow  between  infulating  bodies,  along  their  fur- 
faces. 

779.  It  might  be  here  the  proper  place  to  examine  this  inte- 
refting  queftion,  how  it  happens,  on  the  one  hand,  that  eledtric 
fire  cannot  pafs  through  infulating  fubftances,  and  on  the  other, 
that  eleClric  light  fo  freely  pervades  them.  In  fadt,  the  fpark 
which  is  thrown  in  the  infide  of  a  glafs  veffel,  is  feen  from 
all  fides  :  even  through  common  wax,  or  fealing-wax,  you  may 
fee  the  fparks  excited  on  their  other  furface.  In  the  firff 
chapters  of  this  work,  I  confidered  this  fadt  as  very  fingular  ;  though, 

In  truth,  it  is  only  analogous  to  what  likewife  happens  in  the  above 
mentioned  fubftances,  with  refpedt  to  common  light.  If  you  look 
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underneath  the  edge  of  the  top  of  a  lighted  candle,  whether  it  be 
of  wax  or  of  tallow,  you  (hall  fee  it  to  be  penetrated  by  the  light  of 
the  flame.  Adjuft  Arata  of  the  fame  fubflances  to  a  hole  made  in 
a  well  clofed, window,  and  which  is  the  only  paflage  for  light  into 
the  room,  and  you  (hall  fee  the  room  lighted  to  a  certain  degree, 
by  the  light  that  will  penetrate  through  the  above  fubflances.  in 
order  to  explain  thefe  fadts,  the  common  hypothefis  might  fufflce, 
that  light  propagates  itfelf  through  the  preflion  of  a  medium  which 
is  univerfally  diffufed  ;  and  in  this  cafe  we  might  likewife  con¬ 
ceive  this  medium  as  being alfo  vibrated  within  infulating  fubflances.. 
But  to  this  hypothefis,  the  confiderations  offered  by  the  fagacious 
Sir  Ifaac  Newton,  as  well  as  the  experiments  made  by  Mr.  Can¬ 
ton,  are  contrary.  The  latter  gentleman  has,  in  the  Philofophi- 
cal  Tranfadtions,  in  the  treatifein  which  he  gives  a  receipt  for  eafi- 
3y  making  excellent  phofphorus  of  Bologna,  has,  I  fay,  (hewn  how 
to  make  fuch  phofphorus  preferve  for  ever  its  virtue;  which  is  by 
hermetically  fealing  it  within  glafs  very  carefully  dried  ;  and  he 
proves,  that  this  phofphorus,  partly  of  itfelf,  partly  by  being  heated, 
gives  back  what  light  it  has  received,  and  no  more.  To  the  above 
hypothefis  are  alfo  contrary  the  experiments  I  have  made,  which 
I  mentioned  lafi  year  to  Mr.  Canton,  and  have  more  fully  defcribed 
to  Father  Bofcovich  :  by  thefe  experiments  I  proved  farther,  that  the 
fame  phofphorus  gives  back  the  light  it  has  imbibed,  juflfuch  as  it 
received  it  ;  that  is,  of  a  fame  hue  as  that  of  the  different  cryflals 
through  which  it  received  it.  We  may,  therefore  fay,  in  order  to 
explain  the  queftion  propofed  above,  that  the  light  emitted  by  an 
eledtric  fpark,  confifls  of  particles  incredibly  more  fubtle  than  the 
fpark  itfelf,  and  that  the  quantity  of  its  fubflance  is  almofl  no¬ 
thing,  when  compared  to  that  which  forms  the  body  of  the  fpark. 
The  better  light  enables  us  to  perceive  other  material  fubflances,. 
the  lefs  our  fenfes  are  able  to  penetrate  into  the  fubflance  of  light 
itfelf  ;  and  indeed  it  feems  that  the  analogy  fails  between  its  mate-- 
riality ,  and  the  materiality  of  other  fubflances. 
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On  the  eledric  tickling  and  wind  ;  on  the  brufh  and 

the  ftar. 


CHAP.  L 

On  the  elediric  tickling  and  wind, 

780.  TT  feems  to  me  that  the  eleCtric  wind  has  not  been  fufK- 
X  ciently  diftinguifhed  from  another  impreffion  like  that 
of  a  tickling ,  which  the  eleCtric  fire  excites  in  us  ;  nor  do  I 
know  that  any  juft  caufe  of  it  has  hitherto  been  afiigned.  I. 
When,  in  very  proper  eleCtric  weather,  you  immerfe  your  face,  or 
the  back  of  your  hand,  into  the  brille  eleCtric  atmofphere  of  a  fuffi-* 
ciently  ample  body,  whether  infulating  or  deferent,  you  feel  a 
kind  of  tickling  on  your  fkin,  the  fame  as  if  you  moved  through 
cobwebs  ;  that  is  to  fay,  the  exceflive  fire  which  actuates  the  above 
atmofphere,  drives  the  natural  fire  from  the  contiguous  air  to  your 
face,  and  this  fire,  in  getting  into  your  fkin,  produces  the  above 
fenfation  of  tickling  :  if  the  body  near  which  you  ftand,  be  electrifi¬ 
ed  by  deficiency,  then  the  fire  within  your  fkin  flows  to  the  ex¬ 
ternal  furface  of  it,  in  order  to  accumulate  itfelf  on  it,  and  form 
an  excefs  ;  now,  this  fire  produces  the  fame  kind  of  feeling, 
whether  it  ifiues  out  of  your  body,  or  gets  into  it.  II.  Hence 
it  comes,  that  when  you  are  immerfed  in  a  given  part  of  a  quiet 
eleCtric  atmofphere,  you  feel  nothing  3  but  in  the  very  inftant 
that,  by  extracting  a  fpark,  this  atmofphere  becomes  annihilated, 
you  feel  the  above  fenfation  of  tickling  renewed,  in  confequence 
of  the  fire  which  now  ifiues  out  of  you,  or  gets  in.  III.  If  you  bring 
your  face  fo  near  the  electrified  body,  that  the  fire  may  pafs  divid¬ 
ed  from  the  one  to  the  other,  the  tickling  will  grow  flronger, 
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and  more  pricking,  whenever  the  fire  will  begin  to  be  fome- 
what  more  united,  and  will  want  only  one  degree  more  of 
union  to  form  real  fparks.  Therefore,  we  may  diftinguifli  two 
kinds  of  tickling;  the  one  arifing  from  a  fimple  atmofphere,  the 
other  from  an  aCtual  electricity,  which  diffufes  itfelf  in  a  divided 
Hate.  Upon  the  whole,  we  may  lay  this  principle  down,  that 
fe?i fat  ions  of  an  elettrica!  tickling  will  arife  from  the  faff  age  of  a  cer¬ 
tain  quantity  of  elettric  fire  into  your  Jkin ,  or  out  of  it  ;  and  that  this 
fenfation  will  be  weaker ,  in  proportion  as  the  divifion  of  finch  fire  will 
be  greater. 

781.  From  the  above  tickling,  the  ele&ric  wind  mud  abfolute- 
ly  be  diftinguifhed,  which  is  a  real  current  of  air9  driven  from  a 
point ,  either  annexed ,  or  prefented,  to  a  body  firongly  elettrified.  I.  The 
coolnefs  we  feel  on  our  hand,  fupplies  us  with  one  proof,  that  this 
wind  really  is  a  current  of  air,  fince  it  is  the  property  of  air  to  cool 
when  it  is  renewed  ;  both,  becaufe  to  an  heated  air,  fucceeds  an¬ 
other  which  is  not  fo,  and  becaufe  to  an  air  rendered  damp  by  the 
contadi  of  our  body,  fucceeds  another  which,  being  more  dry,  is 
more  apt  to  promote  our  perfpiration,  confequently  to  cool  us. 
II.  The  different  kinds  of  motion  which  this  wind  may  create,  af¬ 
ford  another  proof  of  its  being  a  mere  current  of  air;  it,  for  in¬ 
stance,  drives  away  the  fmoke  of  a  candle  lately  extinguished.  If,, 
while  you  are  infulated,  and  communicate  with  a  body  firongly 
eledrified,  you  rapidly  pretenda  bodkin  to  the  flame  of  a  candle, 
the  flame  will,  in  the  firft  inflant,  be  driven  by  the  wind  which 
the  bodkin  produces  ;  though  this  will  take  place,  as  I  fay,  only 
in  the  firft  inftant,  becaufe  the  eledricity  of  the  bodkin  will  foon 
difiipate  through  the  deferent  flame,  and  the  wind  will  of  courfe  im¬ 
mediately  ceafe;  there  will  only  remain  on  the  bodkin  a  fmall 
electricity,  which,  inftead  of  driving  the  flame  away,  will  attraCl 
it,  and  through  it  intirely  efcape.  III.  The  motion  of  fmall 
wheels  driven  by  an  eleCtric  wind,  is  ftill  more  permanent  and 
fignificative,  becaufe  the  electrical  fire  efcapes  in  a  much  lefs  quan¬ 
tity  through  them,  than  it  did  through  the  flame.  I  make  fuch 
wheels  in  a  very  expeditious  manner  :  I  cut  a  cube  of  cork  two 
lines  broad,  and  to  each  fide  of  it  I  adjuft,  with  fome  fpittle,  a 
rectangular  piece  of  wafer,  an  inch  long  ;  I  then  infert  a  needle 
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through  the  cube,  and  fufpend  it  by  this  needle,  either  with  the 
armature  of  a  load-ffone,  or  with  a  long  thin  thread  ;  then  pre¬ 
senting  the  eledlrified  bodkin  to  the  Sides  of  the  wings  of  the 
wheel,  the  latter  continues  to  turn  round,  and  it  changes  its  di¬ 
rection  whenever  I  change  the  diredtion  of  the  bodkin. 

782.  To  the  air  driven  dire&ly ,  and  in  the  dire 51  ion  of  their  own 
axis ,  by  the  above  bodkin ,  or  by  a  long  needle,  another  fucceeds  along 
their  fide s,  fo  that ,  befides  the  dire  51  wind from  the  needler  another  is  to- 
be  dijlinguijhed ,  which  may  be  called  a  fe condar y  lateral  wind.  I.  I 
prefen t  the  wheel  to  the  Sides  of  the  needle,  at  the  diftance  of 
one,  four,  or  even  five  inches  from  its  point,  and  it  then  turns-* 
pretty  rapidly;  I  afterwards  prefent  it  to  the  other  fide,  and  the: 
wheel  changes  its  direction. 

783.  I  ufually  employ  the  following  experiment,  both  in  or¬ 
der  to  make  the  diredt  wind  vifible,  and  demonftrate  the  neceflity 
of  the  lateral  wind.  I  pour  oil  into  the  bottom’  of  a  china  dilli: 
E  F  (PI.  X.  fig.  7.)  on  the  edge  of  it,  I  place  a  lump  of  Soft  wax,, 
on  which  lies  a  rod  inclined  towards  the  Surface  of  the  oil,  but. 
which  neither  touches,  nor  can  attradt  it,  left  it  Should  thereby, 
become  incapable  of  producing  the  wind  ;  I  then  eledtrify  the 
rod,  and  prefenting  my  finger  to  the  Surface  of  the  oil,  at  the  dis¬ 
tance  of  two  inches  from  the  point,  I  fee  the  Surface  of  the  oil  dc- 
prefied,  and  ruffled  by  the  impulfion  of  the  wind  that  arifes  from, 
the  rod.  Now,  who  does  not  perceive,  that  as  the  motion  in  the. 
infulating  oil  is  no  more  than  a  progreffive  motion  of  it  from  the 
point,  fo  the  motion  of  the  infulating  air  is  no  more  than  a  like 
motion,  or  pulfion  of  the  Same;  it  is  not  true,  therefore,  that; 
an  effluent  eledtric  matter  be  the  immediate  agent  that  drives.- 
away  the  Smoke,  or  puts  out  a  Small  candle,  and  that  it  forms, 
by  itfelf  the  eledtric  wind  ;  an  opinion  this,  however,  in  which  L 
See  many  a  philofopher  perfill. 

784.  I  Spread  Some  Shavings  or  Scrapings  of  a  beaver  hat,  on> 
the  Surface  of  the  oil,  and  prefenting  my  finger,  as  ufual  (the  dilli . 
is  of  itfelf  infulating,  and,  befides,  lies  on  an  infulated  fiool)  and 
attentively  watching  for  the  firfi:  motion  produced  by  the  eledtri- 
city,  Ì  fee  that  the  rod  drives  the  dufty  pellicle  of  the  oil,  diredlly 
to  the  distance  of  about  two  inches,  and  the  effedt  of  it  Soon  ex¬ 
tends-. 
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tends  all  round.  This  motion  of  the  furface  of  a  tenacious  heavy 
fubftance  like  oil,  which  extends  to  the  difiance  of  two  inches, 
makes  me  underhand  eafily  how  light  moveable  air  may  be  driven 
fo  far  as  to  the  difiance  of  a  whole  foot. 

785.  The  beaver  duft  which  is  fpread  on  the  oil,  forms  upon 
it  fmall  clots,  the  different  complicated  motions  of  which  are 
pretty  agreeable  to  obferve  ;  they  a/e  firft  driven  from  the  point  of 
the  bodkin,  to  the  distance  of  feveral  lines  from  it  -,  then  they 
are  buried  under  the  furface  of  the  oils  when  at  a  certain  depth, 
they  bend  their  courfe  back,  and,  in  fhort,  by  all  their  different 
motions,  evidently  fhew  the  caufe  that  produces  them. 

786.  Points,  at  the  fame  time  that  they  drive  the  air  for¬ 
wards,  are  themfelves  driven  back.  Monf.  Jallabert  was  the 
firft  who  oblerved  this  repercufbon  of  points,  which  the  Abbe 
Nollet  afterwards  found  to  be  inconfiant.  But  this  very  incon- 
fiancy  is  fubjeded  to  fome  laws  :  in  order  that  a  point  fuficiently 
moveable  may  retrocede ,  it  muft  be  animated  by  a  Jtrong  eledricityy 
and  a  ftrong  eledric  current  muft  a  dually  ifjue  out  of  it,  or  get  into  it . 
But  if  the  e  led  ricity  of  the  point  be  only  what  we  called  in  former  chap¬ 
ters,  a  prefing  eledricity ,  then  the  point  will  be  attraded  by  the 
body  unequally  eledric  that  ftands  near  it  ;  and  in  this  cafe ,  the 
general  law  of  the  attradion  of  bodiesi  will  continue  to  obtain ,  for 
the  fufpenjion  of  it  in  the  above  experiment ,  arofe  from  the  cur¬ 
rent  of  the  eledric  wind.  Therefore,  if  to  an  animated  fyflem, 
you  fix  the  fharp  fupport  B  (PL  IX.  fig.  3.)  on  which  the  incur- 
vated  needle  EFCD  Rands  equilibrated,  you  will  fee  the  latter 
turn  in  a  direction  contrary  to  that  of  the  eledric  wind  that 
rifes  from  it,  and  exhibit  in  the  dark  a  circle  of  light,  the  rays 
of  which  will  be  the  more  or  lefs  extended,  according  as  the 
needle,  or  its  fupport,  fidali  communicate  either  with  the  Chain, 
or  with  the  Machine,  and,  confequently,  produce  either  a  brufh, 
or  a  liar.  If  you  hold  the  fupport  in  your  hand,  and  prefent  one 
of  the  points  of  the  incurvateci  needle  either  to  the  Chain  or  to  the 
Machine,  the  needle  will  Rill  continue  to  turn  ,*  but  then  it  will 
only  exhibit  an  arch  of  light  in  that  part  of  the  circle  it  deferibes 
in  which  its  points  alternately  give  fire  to  the  Machine,  or  receive  it 
from  the  Chaim 
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CHAP.  IL 

Of  the  reafon  of  the  eie  51  rie  wind,  and  of  the  retrocejjion  of  points „ 


787.  ffHE  electric fire  runs  out  of  point  s,  or  gets  into  the  fame  ■>  with fuch 
velocity ,  that  the  direction  of  it  cannot  be  difeerned  either  by  the 
naked  eye ,  or  with  the  ajjiftance  of  any  gl afs*  When  the  incurvateci 
needle  (PI.  IX.  fig.  3.)  is  annexed,  or  prefented,  to  a  fyftem 
animated  by  a  pretty  ftrong  electricity,  it  foon  aflumes  a  motion 
fo  rapid  a9  to  make  it  exhibit  in  the  dark,  a  continued  circle  of 
light,  fo  that  it  is  not  poffible  to  difeern  at  what  part  of  any  given 
turn  the  point  really  begins  to  lighten,  and  in  what  direction  it  pro¬ 
ceeds  while  it  continues  fo  to  do.  If  we  experiment  by  day-light,  and 
confequently  can  fee  the  needle,  the  impreffion  of  its  eleCtric  light 
on  our  eyes,  is  lefs  vivid,  and  lefs  permanent  ;  yet  the  rapidity 
of  the  needle  is  fuch,  that  inftead  of  perceiving  the  direction  ac¬ 
cording  to  which  it  turns,  we  only  perceive  a  continued  circle  of 
lhade  ;  this  ienfation  of  Iliade,  I  impute  to  the  weaknefs  of  the 
tranfitory  imprefflon,  though,  at  the  fame  time,  the  rapidity  of  the 
wheel  makes  this  diade  appear  as  if  continued  through  the  whole 
circle  ;  it  is,  therefore,  impoffible,  under  fuch  circumftances,  both 
to  difeern  the  direction  of  the  needle,  and  to  receive  impreffions 
exaCt  enough  of  any  particular  portion  of  its  courfe,  to  be  thence 
enabled  to  perceive  whether  the  perceived  light  gets  into  it,  or  iffues 
from  it  ;  nor  could  a  miferofeope  be  of  any  fervice  to  us,  the  fpace 
which  will  be  feen  through  it,  wilì  indeed  be  increafed,  but  the  time 
in  which  this  fpace  will  be  ran  through,  will  Itili  remain  the  fame. 

788.  Since  l  am  oh  this  fubjeCt,  I  afk  leave  to  dwell  on  it  a 
little  longer.  In  the  firft  place,  we  are  accuftomed  to  fee  that 
liquids  fpringing  from  the  hole  of  a  veflel,.  divide  and  fpread  ' 
themfelves  ;  it  is  no  wonder,  therefore,  that  the  Parihan  academi¬ 
cians,  perfons  fo  learned  in  any  other  branch  cf  human  know¬ 
ledge,  though  not  fo  much  converfant  with  electrical  matters, 
when  they  faw  the  effluvia  of  the  eleCtric  fire  more  dilated  near 
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the  rubbed  globe  of  glafs,  and  more  united  near  a  key  that  was 
prefented  to  it,  thought  that  the  eledric  fire  proceeded  from  the 
key  to  the  globe.  Introduce  perfons  not  converfant  with  experi¬ 
ments  on  light,  into  a  darkened  room,  in  which  a  ray  of  light  is 
admitted,  howfoever  refracted,  provided  it  exhibits  the  appearance 
of  a  cone,  and  they  all  will  agree  in  anfwering,  that  the  ray  pro¬ 
ceeds  from  the  apex  of  the  cone,  while  it  may  very  well  happen 
that  it  proceeds  from  its  bale  ;  now,  the  fame  is  likely  to  have 
happened  with  the  above  Academicians,  with  refped  to  the  direc¬ 
tion  of  the  fire,  in  their  different  experiments.  The  eledric  fire 
depofited  by  the  hand  on  the  glafs  globe,  cannot  unite  again  on  the 
furface  of  it,  which  is  infulating,  but  mult,  from  the  difi. 
tant  points  of  this  fame  furface,  run  to  the  key  through  difiind: 
convergent  lines;  and  the  obfervator,  if  unacquainted  with  the 
whole  complement  of  the  fads,  will  be  led  to  judge,  not  accord¬ 
ing  to  truth,  but  to  his  own  experience,  that  the  fire  fprings  from 
that  part  to  which  it  yet  really  runs,  merely  beeaufe  he  fees  it  there 
to  be  more  denfe  and  fparkling. 

789.  The  fame  is  to  be  faid  of  the  fpurious  brufh,  into  which 
the  fiar  will  be  transformed,  in  circumftances  like  thofe  related  in 
rum.  j  19.  Whoever  obferves  this  brufh  for  the  firft  time,  is  induced 
by  habit  to  judge  it  fprings  from  the  point  ;  but  whoever  afterwards 
makes  the  confiderations  expreffed  in  num.  122.  foon  fees  himfelf 
jieceffitated  to  alter  the  rules  he  deduced  from  cuftom,  and  to  fub- 
Ritute  others  more  conformable  to  the  complement  of  the  fads, 
with  which  he  has  now  become  acquainted. 

790.  In  order  to  make  the  fubjecd  more  thoroughly  underfiood  by 
the  reader,  I  fhall  now  proceed  more  minutely  to  examine  the  dif¬ 
ferent  accidents  of  the  motions  of  the  eledric  fire,  when  it  forms 
either  th  zbrujh,  or  the  dar.  ‘The  rapidity  with  which  every  particle  of 
.decine  fire  [fines  out  of  a  point ,  or  enters  into  it ,  is  not  only  confiderable^ 
hut  the  rapidity  with  which  thefe  particles  fucceed  each  other ,  is  alfo 
very  great .  Whenever  I  annex  a  point  to  an  eledrified  fyftem,  the 
divergence  of  the  eledrifeope  lefiens  proportionally  to  the  greater 
iharpnefs  of  fuch  point,  proportionally  to  the  difiance  to  which 
this  point  reaches  beyond  the  limits  of  the  atmofphere  of  the 
fyfiem,  and  proportionally  to  the  vicinity  of  that  fame  point  to 
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firange  bodies.  I  fometimes  annex  a  wooden  frame  to  the  hook 
Z  of  the  conductor  Y,  on  which  I  have  firetched  fomegilt  paper, 
and  from  the  latter  I  draw  fparks  with  the  knuckles  of  my  fin¬ 
gers.  If  inftead  of  my  knuckles,  I  ufe  a  lharp  point,  which 
1  move  with  fufficient  velocity  towards  the  gilt  paper,  to  bore 
a  hole  through  it  ;  then  this  hole  is  effected  without  drawing  any 
fpark  ;  the  reafon  is,  that  the  velocity  with  which  the  fire 
in  the  paper  (which  arifes  from  the  conductor)  throws  itfelf 
into  the  point,  is  fuch,  that  when  the  point  reaches  the  paper, 
the  fire  has  already  paffed  intirely  into  it,  and  there  remains  none 
in  the  paper,  or  in  the  conductor,  to  produce  a  fpark.  I  obferv- 
ed,  in  a  former  place,  that  when  I  difcharged  a  coated  fheet  of 
glafs  with  a  point,  though  very  fharp,  which  I  rapidly  moved  to¬ 
wards  it,  there  always  remained  in  the  fheet  a  pretty  ftrong  fpark  -, 
but  this  only  fliews,  that  the  velocity  of  the  fire  is  limited,  and 
the  above  experiment  of  the  gilt  paper  fhews  fuch  velocity  to  be 
extremely  great. 

791.  The  air  driven  from  an  eie  B  rifled  pointy  moves  forward  to 
a  pretty  great  di/lance  from  this  pointy  it  being  pa  fed  forwards  by 
other  air ,  which  continues  to  be  driven  from  it  -,  and  it  is  impregnat¬ 
ed  with  the  excefljive  fire  that  flows  from  that  fame  point,  if  it  be  elec¬ 
trified  by  excefs,  or  deprived  of  its  own  fire ,  which  it  gives  to  the 
point ,  if  the  latter  be  eledlrified  by  deficiency.  If  you  infulate  your- 
felf  at  the  difiance  of  about  a  foot  from  a  flat,  or  but  little  convex, 
part  of  a  fyfiem  animated  with  eledricity,  the  atmofphere  actuat¬ 
ed  around  it  will,  as  we  have  formerly  feen,  introduce  a  contrary 
eledricity  into  that  part  of  your  body  which  is  immerfed  in  it. 
But  if  you  infulate  yourfelf,  facing  a  point  that  fprings  from 
fuch  fyfiem,  the  wind  that  blows  from  that  point  will  intro¬ 
duce  into  your  body  the  fame  kind  of  electricity  as  that  in  the 
fyfiem,  and  introduce  it'  at  the  difiance  of  five,  or  even  fix  feet  ; 
which  introduction  will  be  the  quicker,  as  the  difiance  will  be 
lefs,  and  the  point  fharper,'  and  extended  farther  beyond  the 
limits  of  the  atmofphere  of  the  fyfiem. 

792.  If  you  take  a  rolled  piece  of  metallic  foil,  and  keep  it  in- 
fulated  by  along,  very  thin,  and  dry  filk  thread,  and  prefent  it  to 
an  electrified  fiat  body,  it  will  hang  according  to  its  natural  direc- 
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tion,  becaufe  bodies  attract  each  other  only  when  contrarily  elec¬ 
trified,  and  repel  each  other  only  when  fimilarly  electrified  ;  if 
you  touch  the  rolled  leaf,  it  will  fly  to  the  fyftem,  as  it  is  now 
become  contrarily  eleCtric*  But  if  you  now  prefent  the  fame  to  a 
point,  even  three  feet  diflant,  you  will  fee  it  repelled  by  it  ; 
touch  it,  and  it  will  hardly  have  begun  to  move  towards  the 
point,  when  it  will  fly  from  it. 

793.  Hence  we  fee,  that  one  of  the  greateff  difficulties  that  re¬ 
mained  to  be  explained  concerning  electricity  is  removed.  In¬ 
deed  it  was  a  thing  very  difficult  to  conceive  how  it  came  to  pals, 
that  while  a  fpark,  which  appears  fo  aCtive,  can  only  pafs  through 
air,  to  the  diffance  of  an  inch,  the  thin  effluvia  from  an  eleCtric 
brufh  (which  may  be  brought  to  fuch  tenuity  as,  at  the  difiance 
of  an  inch,  to  become  wholly  invifible)  fly  by  this  means 
to  the  diffance  of  feveral  feet.  The  faCt  is,  that  they  do  not  run 
to  fuch  a  diffance,  driving  the  air  all  along,  by  dint  of  their  own 
continued  motion,  but  are  tranfported  fo  far,  by  the  general  mo¬ 
tion  which  the  electricity  of  the  point  communicates  to  the  am¬ 
bient  air,  and  continues  to  maintain  in  it. 

794.  In  the  fame  manner,  if  the  point  to  which  I  prefent  my 
hand,  at  the  diffance  of  three  feet,  be  electrified  by  deficiency, 
the  fire  does  not  run  direCtly  from  my  hand  to  fupply  this  de¬ 
ficiency,  through  this  interval  of  three  feet;  but  it  is  the  na¬ 
tural  fire  of  the  air,  which,  from  the  fides  of  the  point,  con¬ 
tinually  flows  to  the  apex  of  it,  that  diffufes  itfelf  into  it;  and  it 
is  this  air,  thus  deprived  of  its  natural  fire,  which,  being  fuccef- 
fively  driven  towards  my  hand,  as  it  were  carries  the  deficiency 
of  the  point  to  it,  fo  that  my  body,  if  I  ffand  infulated,  be¬ 
comes  eleCtric  by  deficiency,  becaufe  continually  new  particles  of 
fire  diffufe  themfelves  from  it  into  the  air  which  is  brought  by 
the  above  wind,  deprived  of  its  own  natural  fire.  Hence 
we  may  alfo  deduce  a  folution  of  another  difficulty  ff ill  more 
weighty,  concerning  the  eleCtric  wind  itfelf,  which,  as  we  fee, 
equally  blows  from  points  electrified  by  excefs,  and  by  de¬ 
ficiency. 

79  5*  *Thè  natural  fire  which)  from  the  air  contiguous  to  a  point 
difiufes  itfelf  into  it ,  mufi  needs  drive  forwards  the  air  which  lies 
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around  the  point ,  and  repercufs  it  in  the  fame  manner  as  it  happened 
when  the  point  was  eleffirified  by  excefs>  and  the  eledlric  fre  r  it  fed 
from  it  into  the  contiguous  air,  Univerfally,  whenever  the  eleCtric 
fire  moves  through  fubilances  in  any  degree  refilling,  it  drives  their 
particles  on  all  fides,  but  efpecially  in  that  direction  in  which  it 
meets  with  the  lead:  refiftance.  This  truth  necefiarily  follows 
from  the  natural  expanfive  force  of  the  electric  fire,  and  is  in  all 
cafes  warranted  by  experiment. 

796.  Now,  if  the  eleCtric  fire,  when  pafiing  condenfated  to  a  great 
degree,  through  bodies  or  mediums,  has  the  propriety  of  driving 
their  particles  into  contrary  directions,  it  certainly  muft  equally 
exert  this  propriety,  both  when  it  pafies  from  the  air  into  the 
point,  or  from  the  point  into  the  air,  and  drive  them  both 
into  oppofite  directions,  after  the  fame  manner  as  in  a 
former  experiment,  the  pieces  of  a  little  glafs  tube  which  con¬ 
tained  a  certain  quantity  of  water,  were,  as  well  as  the  water, 
driven  into  oppofite  directions. 

797.  The  reader  may  alfo  here  recoiled  the  experiment  before 
related,  of  the  quire  of  paper  through  which  a  difcharge  was 
fent;  whatever  the  direction  of  the  fpark  was,  either  upwards  or 
downwards  ;  the  brim  of  the  hole  was  turned  upwards  in  all  the 
leaves  except  the  laft,  in  which  the  bur  was  turned  downwards. 
This  experiment  fhews  that  the  center  of  the  action  of  the  fire, 
whether  it  ifiues  from  the  point,  or  gets  into  it,  lies  at  a  certain 
fhort  diftance  from  the  top  of  this  point  ;  and  the  fire,  from  fuch 
center,  drives  the  particles  of  the  refitting  medium  on  all  fides. 

It,  therefore,  appears,  that  the  celebrated  queftion,  why  points 
drive  the  air  forward,  whatever  the  direction  of  the  fire  may  be, 
is  reduced  to  the  univerfal  faCt,  viz.  that  the  eleCtric  fire  drives 
the  refitting  particles  of  the  medium  through  which  it  moves 
into  contrary  fides  ;  we,  in  faCt,  fee,  that  the  eleCtric  fire,  in  all 
cafes,  drives  both  the  air  and  the  point  ;  but  for  the  more  com¬ 
plete  explanation  of  this  fubjeCt,  there  remain  a  few  experi¬ 
ments  more  to  be  related  ;  which  will  be  done  in  the  follow¬ 
ing  chapter. 
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C  II  A  P.  II  r. 

cIhe  reafon  of  the  brujh ,  and  of  the  far . 


799.  JN  homologous  atmofphere ,  if  it  fufficientiy  furrounds  the 
point ,  fupprefes  the  wind ,  the  far ,  or  the  brujh ,  and  hin¬ 
ders  the  electricity,  whether  by  excefs,  or  by  deficiency ,  jrom  difipating 
itfelf  through  this  point.  Prefent  a  glafs  tube  ftrongly  electrified 
to  a  point  annexed  to  the  Chain,  fo  that  the  atmofphere  of  it 
amply  involves  the  point;  or  to  a  point  adapted  to  the  Machine, 
prelent  a  dick  of  fealing-wax  ftrongly  electrified  ;  and  the  wind 
will  immediately  ceafe,  the  dar  or  brulli  difappear,  and  the  elec- 
trofcopes  foon  acquire  their  greateft  divergence. 

800.  Nor  is  it  neceflary  that  fuch  bodies  as  are  prefented  to 
points,  fihould  be  actually  electrified,  it  is  enough  that  they  be  in- 
fulating,  and  fufficientiy  extenfive.  I  bring  à  glafs  fpoon  very  hol¬ 
low,  near  to  a  point,  fo  that  the  apex  of  the  point  be  inclofed 
within  the  brim  of  the  fpoon;  at  the  fame  inflant  the  light 
difappears,  and  the  electricity  in  the  fyltem  to  which  the  point  is. 
annexed,  increafes;  the  reafon  of  this  is,  that  the  fpoon  flops  the 
air  either  loaded  with  the  fire  of  the  point,  or  deprived  of  its 
own  ;  which  is  fufficient  to  fupprefs  any  vivid  eleClricity  from  the. 
point. 

801.  Hence  it  alfo  happens,  that  a  point  turned  backwards,, 
and  directed  towards  the  fyftem  itfelf  to  which  it  is  annexed, 
ceafes  to  give,  or  to  draw,  any  fire. 

802.  An  homologous  electricity  obliquely  directed  to  a  point  turns 
the  wind ,  the  brujh ,  or  even  the  far ,  to  a  contrary  fide .  I  adapt  to 
the  conductor  Y  (PI.  X.  fig.  8.)  a  rod  which  I  fallen  to  it  in  an 
oblique  fituation  ;  and  I  obferve,  that  in  proportion  as  I  make  the 
angle  comprifed  between  it  and  the  conductor  more  acute,  the 
brulli  and  the  wind  deviate  more  from  the  axis  of  the  point  towards 
the  oppofite  fide. 

803.  Thence  I  have  underltood  an  irregularity,  which  I  ob¬ 
ferve  d  vvith  regard  to  the  incurvated  needle  E  F  C  D  (PI.  IX» 
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fig.  3.)  I  placed  it  on  an  electrified  fyfiem,  and  with  fome 
fealing-wax  I  fixed  its  extremity  D  ;  then  prefenting  a  little 
wheel  laterally  to  the  prolongated  axis  of  the  point  E,  I  was 
amazed  to  fee  that  the  wheel  either  did  not  move,  or  moved  in 
a  direction  quite  contrary  to  what  I  expected.  The  faCt  is, 
that  the  atmofphere  of  the  body  F  C  of  the  needle,  made 
either  the  wind,  the  brufh,  or  the  fiar,  deviate  confiderably  ;  fo 
that  in  order  to  make  the  little  wheel  turn,  it  ought  to  be  pre- 
fented,  not  to  the  prolongated  axis  of  the  point  of  the  needle, 
but  to  the  wind  itfelf,  which,  owing  to  the  particular  fhape  of 
the  whole  needle,  was  fomewhat  obliquely  directed. 

804.  Thence  we  may  alio  underftand  why,  when  we  infert  a 
point  through  a  finali  tube  of  glafs,  the  orifice  of  which  extends 
fomewhat  beyond  the  apex  of  the  point,  and  prefent  our  finger  to 
it,  the  brufh,  or  the  fiar,  degenerate  to  a  number  of  brifk  finali 
fparks.  The  electricity  from  the  point  foon  fills  the  tube,  and' 
there  arifes  all  round  the  point,  and  clofe  to  it,  an  homologous 
eleClricity  which  foon  fupprefies  the  electricity  of  it. 

805.  An  homologous  atmofphere  which  only  extends  towards 
the  fyfiem  to  which  a  point  is  annexed,  increafes  the  wind,  the 
brufh,  or  the  fiar.  Adapt  a  point  to  the  conductor  A  3  B  (PI. 
VIII.  fig.  8.)  let  three  men  rub  a  glafs-tube  each,  and  jointly 
prefent  it,  the  one  to  the  back  part  of  the  conductor,  and  the. 
two  others,  along  each  fide  of  it  5  if  the  operation  be  made  in 
the  dark,  you  lhall  fee  a  brufh  fpring  from  the  point,  though 
there  might  be  before  no  eleCt rici  ty  in  the  conductor  ;  if  the  latter 
be  electrified  in  any  degree,  you  linai  1  fee  the  brufh  lparkle  with 
the  more  brifknefs. 

80Ó.  Contrary  atmofpheres  Jimilarly  applied,  produce  contrary 
effeCls  ;  applied  after  a  contrary  manner,  they  produce  fimilar. 
effeCts.  I.  A  contrary  atmofphere  direCtly  applied  to  a  point,, 
quickens  the  wind  from  it,  as  well  as  its  brufh  or  fiar,  and  in¬ 
creafes  the  diffipation  of  its  electricity.  II.  Being  obliquely  pre- 
fented  to  the  point,  it  draws  to  itfelf  the  wind  from  it,  as  well  as  . 
the  fiar,  or  brufh;  and  in  proportion  to  the  intenlity  of  its  ohlique 
action,  it  quickens  the  diffipation  of  the  eleClricity.  Ill.  Being* 
prefented  to  the  furface  itfelf  of  the  fyfiem  to  which  the. 
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point  is  annexed,  it  retards  and  leffens  the  difilpation  of  its 
electricity. 

807.  Thefe  effedts  of  contrary  atmofpheres  I  content  myfelf 
with  mentioning,  becaufe  they  are  manifeft;  befides,  the  experi¬ 
ment  formerly  related  concerning  homologous  atmofpheres,  would 
alone  fuffice  to  lead  us  to  the  difcovery  of  the  following  important 
truth,  viz.  that  the  dijfpation  of  the  electricity  of  bodies  through 
points,  is  owing  to  the  eleClric  atmofpheres  of  thofe  bodies ,  in  confe - 
quence  of  the  reaction  which  they  exert  againft  them  ;  which  reaction 
is  much  greater  along  the  flat  parts  of  fuch  bodies ,  than  around  their 
fiarp  parts,  or  the  points  annexed  to  them. 

808.  I  fhall  examine,  in  the  firft  place,  the  cafe  of  a  point 
annexed  to  a  fyflem  electrified  by  excefs,  which  throws  a  brufh  ; 
though  I  have  in  a  former  place  laid  down  the  principles  on 
which  the  above  explanation  is  grounded,  yet,  in  order  to  pro¬ 
cure  the  reader  a  greater  evidence  on  the  fubjeCt,  I  {hall  here  lay 
them  down  again.  FirA,  I  obferve,  that  the  exceflive  fire  which 
flows  out  of  a  point  A  (PI.  IX.  fig.  1.)  of  a  right  line  BC,  or  of  a 
plain  furface,  does  not  actuate  an  electricity  by  excefs  in  the  am¬ 
bient  air,  by  diffufing  itfelf  into  it,  through  a  right  line  AD,  or 
by  fpreading  itfelf  through  it  to  any  diftance,  along  any  lines 

AE,  AD,  AF,  but  that  it  flops  in  A  on  the  furface  of  the  body, 
and  that  from  thence,  without  leaving  the  place  A,  it  introduces 
a  particular  kind  of  tenfion  into  the  fire  proper  to  the  air  around 
this  body;  thefe  faCts,  I  think,  I  have  fufficiently  demonflrated 
in  the  third  feCtion  of  this  book. 

809.  I  obferve,  in  the  fecond  place,  that  this  tenfion  I  mention 
gradually  leflens  in  a  certain  proportion  to  the  different  diftances 
of  the  body,  fo  that  it  ceafes  fomewhere,  for  inftance,  in  E  F,  in 
conlequence  of  the  vis  inertice  which  is  inherent  in  the  cleCtric 
fire,  as  well  as  in  other  fubftances. 

810.  In  the  third  place,  I  obferve,  that  fuch  tenfion  will  take 
place  not  only  in  the  fire  proper  to  fuch  portion  of  air  AD  as  is 
dire&ly  oppofed  to  the  point  A,  and  in  the  lateral  Arata  of  it  AE, 

AF,  but  will  communicate  itfelf  backwards  through  this  air,  after 
the  fame  manner  as  any  kind  of  motion  is  propagated  throughfluids; 
on  which  the  reader  is  defired  again  to  perufe  the  paragraphs 
4 52 — 455  of  this  work. 
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81 1.  This  important  obfervation  fupplies  the  folution  of  the 
intricateci  knot  or  difficulty  we  are  now  handling.  I.  The  fire 
proper  to  the  ambient  air,  being  brought  to  a  particular  degree  of 
tenfion  by  the  eledricity  which  is  aduated  in  A,  exerts  a  re¬ 
action  againfi:  that  fame  eledricity.  II.  And  that  eledricity 
which  is  aduated  in  A,  mud  needs,  by  the  means  of  the  tenfion 
which  it  introduces  into  the  fire  proper  to  the  ambient  air,  and 
which  it  propagates  to  all  fides,  alfo  exert  a  readion  againfi: 
the  fire  which  feeks  to  iffue  from  the  adjoining  points  G,  I, 
K,  H,  B,  C,  &c. 

812.  Now,  the  conclufion  I  draw  from  the  above  principle,  is 
the  following.  If  the  furface,  however  varied,  of  a  fyfiem  be 
conceived  to  be  divided  into  a  number  of  equal  exceeding  fmall 
particles,  and  the  adjacent  atmofpheres  be  conceived  to  be  divid¬ 
ed  in  the  fame  manner,  the  excels  which  is  exerted  from  each  of 
thefe  particles,  experiences  a  readion  proportioned  to'  the  num¬ 
ber  of  thefe  different  atmofpheres  which  co-operate  in  repercuf- 
fing  it,  to  the  lefs  obliquity  with  which  they  ad,  and  to  the  lefs 
diftance  from  which  they  do  fo.  Therefore,  the  whole  readion 
experienced  by  the  excefs  that  feeks  to  rulli  out  of  narrow  hollow 
places,  will  be  relatively  infinite  (the  reader  is  defired  here  to  re¬ 
coiled  the  former  experiments  on  the  eledric  well)  becaufe, 
though  the  number  of  the  atmofpheres  may  grow  lefs  as  the  ca¬ 
vity  grows  narrower,  yet  they  then  ad  more  diredly  againfi:  each 
other,  and  from  lefs  difiances.  III.  This  readion  will,  there¬ 
fore,  leffen  as  the  cavity  will  grow  wider.  IV.  It  will  leffen  fiill 
more  when  the  hollow  place  will  become  convex.  V.  And  its 
value  will  be  infinitely  finali  when  the  convexity  will  become  in¬ 
finite,  and,  befides,  reach  beyond  the  limits  of  any  atmofpheres  be¬ 
longing  to  other  parts  of  the  lyfiem  ;  that  is  to  fay,  when  the  above 
convex  part  will  be  turned  into  a  very  long  (harp  point. 

813.  In  the  fig.  1.  pi.  IX.  let  ABC  be  the  line  that  would  be 
reprelented  on  the  furface  of  a  long  (harp  rod  by  a  fedion  made 
parallel  to  its  axis.  I.  Let  fuch  line  be  conceived  as  divided  into 
as  many  particles  B  b ,  equal  to'the  tip  C  of  the  point  of  the  rod,  as 
it  may  contain.  II.  From  all  thefe  points  let  the  perpendicular 
equal  elediric  lines  be  excited,  B  F,  bf,  &c.  C  G,  DA,  EC,  andi 

them 


344 


ARTIFICIAL  ELECTRICITY. 

then  the  half  part  of  the  angle  E  C  Q_will  eXprefs  the  fuperiof 
obliquity  (relatively  to  the  obliquity  with  which  the  lateral  at- 
mofpheres  ad  againft  each  other)  with  which  the  atmofpheres 
around  the  point  ad  againft  the  excefs  that  feeks  to  rufti  from  it; 
which,  as  the  reader  may  eafily  perceive,  is  exceedingly  fmall. 

814.  If  we  pafs  to  examine  the  number  of  all  thofe  atmof¬ 
pheres,  actuated  around  the  fuperficies  of  a  point,  and  which  ob¬ 
liquely  dired  their  readion  towards  the  excels  which  endeavours 
to  ilTue  from  the  top  C  of  it,  we  filali  find,  firft,  that  the  num¬ 
ber  of  thefe  fuperficial  atmofpheres  will  gradually  leflen  near  this 
top,  in  proportion  as  the  latter  will  taper  to  a  (harper  point,  and 
the  geometrical  proportion  followed  by  fuch  decreafe  might,  if  pro¬ 
per  data  were  aftigned,  beeafily  inveftigated  and  difeovered. 

815.  Whence,  if  we  finally  join  the  confideration  of  the  fmall 
oppofition  experienced  by  the  excefs  that  endeavours  to  ifiue  out  of 
the  top  C,  in  confequence  of  the  great  obliquity  of  the  lateral 
atmofpheres,  with  the  confideration  of  the  fmall  number  of  the  fame, 
we  flaall  eafily  fee  how  it  comes  to  pafs,  that  the  great  readdon  ex- 
ercifed  by  eledric  atmofpheres  againft  the  excefs  which  endeavours 
to  ifiue  out  of  the  plain  furfaces  of  a  body,  muft  make  a  great  part  of 
the  redundant  eledricity  in  that  body  rufti  from  a  point  annexed  to 
it,  where  this  readion  or  oppofition  from  atmofpheres  ismuchlefs, 
fo  that  a  brulli  takes  place  on  fuch  point,  thence  alfo  arifes  an  eledric 
wind,  and  a  repullion  of  the  point,  which  always  is  a  confequence 
of  this  wind. 

816.  This  efficient  caufe  of  a  brufli  is  the  fame  as  that  which 
.produces  fparks  (and  as  we  diali  fee  hereafter,  the  fame  with  that 
of  the  other  eledric  figns)  inafmuch  as  both  are  cauled  by  the  re¬ 
adion  of  the  eledric  atmofpheres  of  the  body  on  which  they  take 
place,  againft  the  fire  in  that  body,  which  makes  fparks  leap  from 
plain,  or  but  little  convex,  parts  of  the  fame,  or  abrufh  fpring  from 
a  point  annexed  to  it  ;  however  thefe  fparks  and  brufli  differ  from 
each  other  in  this  important  refped  ;  the  former  only  rufhe3 
out,  when  a  ftrange  body,  for  inftance  a  finger,  is  approached,  and 
thus  lefiens  the  readion  of  the  atmofphere  againft  the  place  whence 
the  ipark  we  fuppofe  is  thrown  (which  it  effeds  by  fliortening 
the  column  of  air  contained  between  it  and  the  body)  whereas  the 

fhape 
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fhape  alone  of  the  point  from  which  the  brufiies  rufhes  out,  is 
able  to  leflen  the  re-a&ion  around  it,  fo  that  the  fire  continually 
fent  to  it  from  the  electrified  body?  may  fuccefilvely  run  again  ft 
the  column  of  ambient  air,  however  extended,  and  blow  it  away 
while  mixing  with  it. 

o 

817.  The  fame  caufe  may  alfo  be  affigned  to  all  the  accidents 
of  the  brufh,  and  firft  to  the  direction  and  fhape  of  the  ftream  of 
fire  that  forms  it;  the  lateral  atmofpheres  of  the  point  A  CB  (PI. 
IX.  fig.  1.)  exercife  an  oblique  re-aftion  along  the  fpaces  CE  H, 
CGI,  by  virtue  of  which,  I.  The  brufh  is  confined  to  the  fpace 
H  C  I.  II.  The  eleCtric  wind  blows  chiefly  in  that  fpace 
HCI.  III.  and  the  point  is  alfo  repercuft'ed  in  that  fame  direc¬ 
tion,  which  is  owing  to  the  air  being  driven  towards  oppofite 
parts,  in  the  direction  of  that  line,  along  which  the  ftream 
of  fire  is  determined  to  flow,  by  the  re-aCtion  of  the  lateral 
atmofpheres.  In  fad,  as  a  ftrange  homologous  atmofphere  pre- 
fented  fidewife  to  a  brufh,  fufiices  to  make  it  deviate  towards  the 
oppofite  fide,  fo  the  oblique  aCtion  of  lateral  equal  oppofite  atmo¬ 
fpheres  will  have  the  efteCt  of  retaining  the  brulla  on  the  prolon¬ 
gated  axis  of  the  point,  and  fettling  it  there. 

818.  The  truth  of  the  caule  to  which  we  here  impute  the 
narrowing  of  a  brufh  which  fprings  from  a  (harp  point,  is  confirmed 
by  the  divergence  a  brulli  aflumes,  when  fpringing  from  a  blunted 
point,  becaufe  on  fuch  points  feveral  diftinCt  atmofpheres  may 
take  place,  which  thus  reciprocally  confine  the  brufhes  or  fire 
which  they  endeavour  to  raife  within  the  body  of  the  point. 
Inftead  of  a  point,  make  ufe  of  a  brafs  rod,  a  line  and  an  half  thick, 
the  top  of  which  is  quite  flat,  and  you  finali  fee  the  brufiies  fpring 
only  from  the  circumference  of  this  top,  and  fpring  very  diver¬ 
gent  and  widely  fpread,  being  continually  repelled  by  the  atmo¬ 
fpheres  that  take  place  on  the  flat  furface  of  the  fame. 

819.  Now,  in  comparing  the  narrow  brulli  which  fprings  from  a 
very  fharp  point,  with  the  feveral  finali  ones  that  fpringfrom  a  blunt¬ 
ed  point,  we  might,  if  wje  were  to  truft  our  fenfes,  be  led  into 
an  error  concerning  the  real  quantities  of  fire  that  are  thrown  out  ; 
the  numerous  brufiies  that  fpring  from  the  circumference  of  a 
blunted  point,  feem  to  indicate  a  difiipation  of  fire  much  more 
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copious  than  can  well  be  made  through  the  Tingle  narrow  brufh 
that  Tprings  from  a  {harp  point  ;  but  experience  teaches  us  that 
the  cafe  is  quite  otherwife.  I  inibiate  myfelf,  and  communicating 
with  the  Chain,  I  drike  a  flieet  of  gilt  paper,  dretched  on  a  wooden 
frame,  firft  with  a  needle  only,  then  with  two,  with  three,  with 
four,  and  with  fix,  taking  care  that  the  points  of  all  thefe  needles 
be  in  the  fame  plan;  and  in  proportion  as  the  needles  I  ufe  are 
more  numerous,  and  form  a  thicker  bunch  together,  I  give  the 
gilt  paper  a  larger  fpark.  This  aggregation,  or  bunch,  of  points, 
may  very  well  be  ccnfidered  as  one  blunted  point;  and  in  propor¬ 
tion  as  the  width  of  its  top  increafes,  the  fpark  alfo  increafes 
which  I  give  through  it  to  the  gilt  paper;  now,  with  a  (harp 
point,  I  never  can  give  any;  a  certain  indication  this,  that  through 
this  Tingle  point  all  the  fire  in  me  efcapes  in  an  inftant,  whereas  it 
does  only  diffipate  fomewhat  (lowly  through  the  aggregation  of 
points. 

820.  In  attentively  comparing  the  different  circumdances 
which  accompany  the  narrow  brufh  that  Tprings  from  a  /harp 
point,  with  thofe  of  the  ampler  or  compounded  brufh  that  Tprings 
from  a  blunted  point,  it  will  not  be  difficult  to  remove  the  diffi¬ 
culties  that  may  arife  from  their  different  appearances.  In  the 
former  brufh  you  fee  a  continued  united  dream  of  fire  ;  in 
the  latter,  you  only  perceive  a  kind  of  tremor,  or  quivering 
motion,  and  the  flafhes  of  the  fire  that  form  it  are  alternately 
fhortened  and  lengthened.  If  you  confult  your  hearing,  you  will 
hear  the  fiharp  point  emitting  a  continued  hiding,  the  blunted  one 
only  a  rattling,  formed  (as  we  obferved  in  the  fird  fedion)  of  fuc- 
cefiive  didind  fmall  cracks.  If  you  infiliate  yourfelf,  and  then 
attempt  to  draw  fire  from  a  blunt  point,  you  (hall  find  that  it 
is  not  able  to  fend  fire  to  you,  but  from  a  lefs  didance  than  a  fharp 
point. 

821.  All  this  is  intirely  conformable  to  theory,  and  to  what 
has  been  above  faid  with  regard  to  the  different  degrees  of  re- 
adlion  exercifed  by  atmofpheres  ;  which  readlion  depends  on 
tne  ffiape  of  the  bodies  around  which  thefe  atmofpheres  are 
aduated. 
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822.  But  when  the  electricity  is  very  intente,  another  Teem¬ 
ing  contradiction  takes  place;  in  fuch  cafe,  brufhes  arifing  from 
a  blunted  point  fpread  very  wide,  whereas  thofe  from  fbarp 
points  are  confined  to  a  (till  narrower  fpace,  they  even  lofe  their 
length,  and  are  at  laft  changed  into  imperfeCt  fhort  brulhes,  or 
ftars.  But  it  lies  in  my  power  to  rettore  to  fuch  brulhes  their 
natural  form  ;  I  only  need  put  a  piece  of  paper,  or  a  bit  of  foft 
wax  between  the  ring  Z  of  the  conductor  Y  (PI.  I.  fig.  1.)  and 
the  hook  by  which  the  point  hangs  to  it;  the  deceiving  ft ar  then 
immediately  refumes  the  appearance  of  a  real  brufh  ;  or  I  only 
need  leave  rubbing  the  glafs,  and,  at  the  fame  time,  that  the  elec¬ 
tricity  grows  languid,  the  brufh  lengthens  itfelf. 

823.  This  transformation  of  a  brufh  into  altar,  often  happens 
even  in  the  blunt  points  annexed  to  the  wires  with  which  I  explore 
the  eleCtrical  fiate  of  the  atmofphere,  whenflafhes  of  lightning  take 
place;  this  proceeds  from  the  vehement  electricity  which  then 
arifes  in  each  of  the  many  points  that  may  be  fuppofed  to  form 
the  blunt  point,  and  is  an  effeCt  which  the  milder  eleCIricity  of  a 
conductor  cannot  produce  upon  more  than  one. 

824.  As  the  fhortened  brufh  hides  more  ftrongly  than  a  long 
one,  fo  it  exhibits  in  its  fhort  trad  a  more  intenfe  light  ;  it  drives 
the  air  to  a  greater  diftance,  after  it  has  impregnated  it  with  its 
own  fire.  It  is  evident,  that  the  fhortening  of  the  rays  arifes  from 
both  the  greater  denfity  and  greater  velocity  with  which  the  fire 
ruflies  from  the  point;  that  is  to  fay,  as  an  aggregation  of  any 
corpufcles  whatever,  penetrates  the  lefs  deeply  into  water  in  pro¬ 
portion  as  this  aggregation  is  more  compaCt,  and  ftrikes  the  water 
with  more  force,  fo,  the  more  the  fubltance  of  the  eleCtric  fire  is 
united  together  and  the  more  rapidly  it  moves  againfl  the  ambi¬ 
ent  air,  the  iefs  deeply  it  divides  it,  and  penetrates  into  it  ;  though  it 
drives  it  forwards  to  a  greater  diftance,  and  more  quickly  efcapes 
away  in  company  with  it,  by  virtue  of  the  motion  it  has  commu¬ 
nicated  to  it  :  now,  when  the  eleCtric  fire  moves  by  virtue  of  this 
latter  kind  of  motion  alone,  it  even  makes  no  impreffion  on  our 
eyes,  and  efcapes  in  an  invifible  manner. 

825.  The  unity  to  which  thefe  explanations  which  rife  from 
the  faCt  itfelf,  bring  the  various  accidents  of  the  bruii),  I  confider 
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as  a  new  proof  of  the  truth  of  the  theory  above  laid  down  with 
regard  to  that  eleétric  fign.  I  fhall  now  conclude  on  this  fubjedt, 
with  relating  an  obfervation  of  Mr.  Kinnerfley  (Franklin,  p.  337.) 
which  appeared  at  fird  a  bare  unconnected  fadt,  and  which, 
the  theory  above  being  underdood  and  admitted,  becomes  an 
obfervation  pregnant  with  luminous  confequences.  Let  an  inflat¬ 
ed  perfon  hold  a  point,  the  apex  of  which  is  turned  outwards, 
and  remains  near  his  body,  and  it  will  only  exhibit  a  very  fcanty 
languid  degree  of  light;  but  as  foon  as  the  perfon  dretches  his 
arm,  the  light  greatly  increafes.  Mr.  Kinnerfley  imputed  this  to 
the  more  copious  eledlricity  which  was  diffufed  in  the  air  near 
the  body  of  the  perfon  ;  but  now,  w'hen  it  is  demondrated, 
that  the  affuating  elettrici ty  remains  confined  to  the  furface  of 
bodies,  this  explanation  cannot  hold  ;  it  is,  therefore,  clear,  that 
the  fadt  mud  be  attributed  to  the  re- adii  on  of  the  atmofpheres,  as 
explained  above. 

826.  The  fame  obfervation,  which  is  common  both  to  points 
eledtrified  by  excefs,  and  to  thofe  eledtrified  by  deficiency,  leads 
us  to  apply  the  lame  theory  to  the  latter  that  has  been  hitherto 
advanced  with  regard  to  the  former.  In  points  annexed  to  a  fydem 
whence  the  eledtric  fire  is  drawn,  the  diredtion  of  the  adtuating 
force  is  inverted,  and  that  of  the  adtuated  fire  mud  of  courfe  be 
allo  inverted.  I.  Correfpondently  to  that  portion  of  eledtric 
fire  which  is  drawn  from  a  part  of  a  body,  either  plain,  or  but  little 
convex,  the  natural  tendon  in  the  air  contiguous  to  this  part  mud 
be  relaxed.  II.  This  relaxation  is  propagated  to  a  certain  dif- 
tance,  with  a  fuitable  diminution,  and  is  allo  turned  laterally, 
and  to  all  fides  obliquely,  againd  the  ambient  air,  contiguous  to 
the  fame  body  ;  it,  therefore,  oppofes  a  refidance  to  the  force  that 
endeavours  to  draw  the  fire  from  that  body.  III.  Now,  if  we 
apply  to  this  cafe  what  has  been  above  faid  with  regard  to  the 
brufh,  it  is  plain,  that  the  reciprocal  oppofition  we  mention,  will  be 
greated  and  relatively  infinite  in  narrow  cavities  ;  that  according 
as  thofe  cavities  fhall  increafe,  the  oppofition  will  lefien  ;  when  the 
cavities  become  plain  furfaces,  it  will  lefien  dill  more;  when  they 
become  convex,  it  will  be  dill  lefs;  and  when  infinitely  convex, 
that  is,  when  they  become  changed  into  very  fharp  points  that 
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reach  quite  out  of  the  atmofpheres  of  the  body  to  which  they  are  an¬ 
nexed  fuch  oppfition  will  become  infinitely  finali  ;  therefore  the  force 
that  will  draw  the  natural  fire  at  the  apex,  will  become  relatively 
infinite  ;  that  is  to  fay,  this  force  will  be  able  to  draw  the  natural 
fire  from  the  contiguous  air,  and  thus  a  fiar  will  take  place. 

827.  The  charaCteriftic  mark  of  this  eleCtric  fign  will,  in  pro¬ 
per  circumftances,  be  the  fhortnefs  of  its  light  ;  but  before  I  treat 
this  fubjeCt,  I  muft  anticipate  a  difficulty  which  will  naturally  be 
propofed  againft  the  above  explanation  of  the  brufh  and  the  fiar. 
Hitherto  I  have  only  fpoken  of  points  annexed  to  electrified 
fyftemsj  but  the  faCt  is,  that  a  point  prefentcd  from  the  ground 
to  the  Chain,  will  exhibit  a  fiar  juft  the  fame  as  if  it  were  annex¬ 
ed  to  the  Machine  ;  and  a  point  prefented  to  the  Machine  will 
throw  a  brulli  in  the  fame  manner  as  one  annexed  to  the  Chain  ;  now 
neither  the  fire  in  the  air  that  furrounds  the  man  who  prefents  a 
point  to  the  Machine,  is  brought  to  any  particular  tenfion,  nor  is 
that  of  the  man  who  prefents  a  point  to  the  Chain  brought  to 
any  degree  of  relaxation  ;  it,  therefore,  feems,  'that  in  both  thefe 
cafes  the  efficient  caufe  fails,  which  we  have  above  affigned  to  thefe 
two  eleCtric  figns. 

828.  But  this  difficulty  cannot  be  propofed  by  perfons  who 
have  attentively  confidered  the  theory  of  ele&ricity.  The  natural 
tenfion  of  the  fire  in  the  air  that  furrounds  my  body,  may  very 
well  be  either  exceffive,  or  deficient,  relatively  to  the  tenfion  of 
the  fire  around  the  apex  of  the  point,  though  there  is  in  myfelf 
no  abfolute  electricity.  When  I  prefent  a  point  to  the  Chain,  this 
point  becomes  immerfed  in  an  air,  the  fire  of  which  poflefies  a 
vehement  tenfion,  and  is  ftrongly  vibrated  towards  the  point  ; 
therefore  with  regard  to  fuch  tenfion,  the  natural  tenfion  of  the 
fire  around  my  body,  is  a  relative  relaxation.  In  the  fame  man¬ 
ner,  when  I  prefent  the  point  to  the  Machine,  it  finds  itfelf  in¬ 
volved  in  an  air  the  fire  of  which  is  much  relaxed,  efpecially  near 
the  Machine,  and  is  ftrongly  folicited  towardsjt,  as  the  latter  is 
in  a  wanting  fiate,  &c. 

829.  Thefe  principles  being  laid  down,  it  becomes  pretty  eafy  to 
determine  the  circumftances  in  which  theftar  keeps  its  charadleriftic 
appearance,  viz.  that  of  exhibiting  Ihort  and  fcarcely  difcernible 
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rays.  I.  On  a  very  {harp  point,  whether  it  be  annexed  to  a  fyftem 
electrified  by  deficiency,  or  prefented  to  one  electrified  by  excels, 
there  always  appears  a  real  fiar,  whatever  may  be  the  distance 
(provided  it  be  not  too  great),  and  the  fhape  of  the  particular 
part  of  the  fyfiem  towards  which  it  is  directed.  II.  I  he  fame 
is  to  be  obferved  with  regard  to  blunt  points.  III.  Univerlally, 
whenever  a  point  draws  only  fuch  fire  as  lies  in  the  contiguous 
air,  this  fire  exhibits  the  appearance  of  a  ftar;  it  can  prefent  the 
appearance  of  a  brufh,  only  when  it  leaps  to  the  point  from  the 
electrified  body  itfelf,  and  unites  again  near  it,  dividing  the  air 
by  dint  of  its  own  motion  ;  now,  this  can  never  be  the  cate  with 
a  tharp  point,  becaufe,  while  it  is  bringing  to  the  electrified  body, 
it  fo  readily  draws  the  fire  in  it,  that  with  whatever  rapidity  it 
may  be  prefented,  the  whole  excefs  in  the  body  is  abforhed 
by  it,  before  it  comes  to  a  diftance  fufficiently  fhort  to  produce  a 
brufh:  it  is  only  a  blunt  point,  or  one  which  is  imperfectly  de¬ 
ferent,  that  can  come  near  the  lyfiem,  and  yet  allow  a  pretty 
confiderable  portion  of  its  excefs  to  continue  ;  which  excefs 
leaps  to  it,  by  virtue  of  its  own  motion,  as  foon  as  the  difiance  is 
become  fhort  enough,  and  then  exhibits  the  appearance  of  a 
fpurious  brufh. 

830.  The  above  explanations  concerning  blunt,  or  imperfeCily 
deferent  points,  may  be  applied  to  the  different  experiments  in 
which  the  Parifian  Academicians  thought  they  faw  the  eleCtric  fire 
run  from  points  to  rubbed  glafs  globes,  in  the  fame  manner  as  it  would 
to  a  conductor  negatively  electrified  (Nollet,  Lettres  fur  /’ Eledìrìcité^ 
feconde  partie,  png.  253.)  The  top  of  a  finger,  the  ring  of  a  key, 
the  edge  of  a  111  ver  crown,  which  they  prefented  to  a  globe, 
where  more  or  lefs  blunt  bodies  ;  a  piece  of  green  wood,  the 
extremity  of  a  w7etted  rope,  a  piece  of  pafieboard,  &c.  wTere 
bodies  imperfectly  deferent  ;  and  the  head  of  the  metallic  fquare 
rod,  eight  lines  thick,  which  they  uled,  had  in  its  angles  and 
fides  a  kind  of  aggregation  of  points  more  or  lefs  blunt.  All  thefe 
bodies,  befides,  were  prefented  to  the  globe  at  a  difiance  p;o- 
bably  very  finali,  lìnee  it  is  faid  cl  the  fquare  rod,  that  it  was  not 
more  than  half  an  inch  difiant  from  it  (pag.  254.)  it  is  not,  there¬ 
fore,  to  be  wondered,  that  if  the  rays  of  the  eleCtric  fire,  which  the 
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hand  left  on  the  globe,  leaping  through  the  inconfiderable  ftratum 
of  air  before  them,  and  uniting  together  on  the  above  mentioned 
bodies,  exhibited  fpurious  appearances  of  brushes  ;  which  in¬ 
duced  the  Academicians  to  judge  that  the  fire,  inftead  of  proceeding 
from  theglafs  globe  to  the  bodies,  diffufed  itfelf  from  the  bodies  in¬ 
to  the  globe. 

831.  But  amongft  the  experiments  which  the  Abbe  Nollet 
made  on  this  fubjeCt,  in  the  prefence  of  the  Academicians,  there  is 
one  which  alone  fufiices  to  refolve  the  difficulty,  and  (how  the 
real  direction  of  the  fire  when  it  forms  thefe  fpurious  bruffies.  We 
took,  fays  the  Abbe,  pag.  254,  num.  16,  a  fquare  iron  rod,  fix  feet 
long,  and  eight  lines  thick,  and  employed  it  as  a  conductor.  The 
brufh  having  fpontaneoufly  fpread  itfelf  at  the  remoteft  extremity 
of  the  rod,  always  grew  larger  and  more  luminous  when  fomebody 
prefented  his  hand,  his  face,  or  any  other  broad  part  of  his  body 
to  it  (num.  18.)  But  when  (num.  19.)  the  fame  perfon  prefented 
the  top  of  his  finger,  or  a  piece  of  metal  of  a  like  ffiape,  at  two 
or  three  inches  diftance  from  the  conductor,  then  the  brufh 
which  iflued  from  one  of  the  angles,  directed  itfelf  towards  the 
body  that  was  thus  prefented,  and  its  rays,  naturally  divergent, 
bent  themfelves  towards  it,  as  if  feeking  to  embrace  it.  If  the 
finger,  or  piece  of  metal,  was  prefented  Itili  nearer,  the  rays  at 
lafl  contracted  themfelves  fo,  as  to  form  a  fingle  ftream  of  a  denfer 
and  more  inflamed  matter. 

832.  In  this  experiment,  the  Academicians  faw  with  their 
own  eyes,  and  confefied  the  unity  of  the  direction  of  the  fire 
when  it  gathered  on  the  finger,  and  there  exhibited  the  ap¬ 
pearance  of  a  fpurious  brulli;  now  the  fame  appearance  muft  alfo 
have  taken  place  when  the  finger  was  prefented  from  the  ground, 
either  to  a  rubbed  glafs  globe,  or  to  a  broad  fiat  part  of  an  electrified 
body,  or  conductor.  The  only  difference  was,  that  in  the  laft 
cafes,  the  rays  of  eleCtric  fire  fprung  divided  from  the  larger  fur- 
faces  of  the  bodies  we  mention  ;  whereas,  when  the  finger  was 
prefented  to  the  angle  of  the  conductor,  the  rays  only  became 
again  united  together,  and  then  the  fpurious  brufh  took  place, 
into  which  the  true  one  became  transformed,  by  its  divergent 
rays  being  thus  made  again  to  gather  and  unite  together. 

833.  The 
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833.  The  obfervation  added  by  the  Abbe,  in  the  following 
paragraph,  that  the  finger,  or  piece  of  metal,  when  thus  held 
oppofite  to  a  brufli,  appeared  covered  with  luminous  points, 
whence  rays  proceeded  almod  fimilar  to  thofe  of  the  brufh,  is  of 
no  moment  ;  thofe  rays  were  nothing  more  than  the  rays  them- 
felves  of  the  brufli,  which,  by  bending  themfelves  towards  the 
finger,  and  converging  to  it,  may,  nay  mud,  have  covered  it 
with  luminous  points. 

834.  I  fhall  only  add,  asaconclufion  of  this  fubjed,  that,  of  the  ex¬ 
periments  made  by  theAcademicians,  which  is  contained  in  numb. 3  /. 
Whenever  fparks  were  excited  between  a  condudorand  a  body  not 
eledrified  (thefe  are  the  words  of  the  Abbé),  if  both  were  of  a 
confiderable  bulk,  and  every  circumdance  favourable  to  eledricity, 
we  obferved  that  the  dream  of  fire  came  as  well  from  the  one 
as  from  the  other.  With  regard  to  this  afiertion,  I  fhould  think 
it  an  affront  to  the  vifual  faculty  of  the  reader,  were  I  to  offer 
a  fingle  word. 

835.  I  have  rather  to  conclude  this  chapter  with  affigning  the 
caufe  of  the  fhort  rays  of  a  real  dar,  and  the  long  rays  of  a  real 
brufh;  this  caufe  manifedly  appears  from  the  various  circum- 
dances  in  which,  as  I  have  before  related,  thefe  eledric  figns  re¬ 
tain  their  real  appearance,  or  afiume  fallacious  ones.  The  dar 
appears,  whenever  a  point  draws  the  eledric  fire  from  the  neigh¬ 
bouring  air;  now,  the  force  with  which  the  infulating  particles  of 
air  retain  their  own  fire  ( which  never  quit  hold  of  it,  but  like  other 
infulating  fubfiances,  from  a  finali  depth)  is  the  caufe  of  the  Jhortnefs  of 
the  rays  of fuch  fiar .  The  brufh  appears  whenever  exceffive  fire  is 
thrown  into  the  neighbouring  air;  now ,  the  force  with  which  the 
eie  Sirie  fire  runs  forwards  through  this  moveable  contiguous  air ,  is 
not  by  affixing  it f elf  to  it,  but  by  dividing  it  5  hence  the  extenfion  of 
the  rays  that  form  the  true  brufh . 
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SECTION  VI. 

On  ele&ric  motions. 

836.  A“1p  H  E  eleCtric  motions  by  which  bodies  approach 
3  each  other,  or  recede  from  each  other,  in  air 
which  is  free  from  electrified  vapours,  may  be  reduced  to  the 
two  following  laws.  I.  Two  bodies  fimilarly  electrified,  recede 
from  each  other  in  proportion  to  the  fums  of  their  electricities, 
direCtly,  and  of  their  mafles,  inverfely.  II.  Two  bodies  contrarily 
electrified,  move  towards  each  other,  in  proportion  to  the  fums  of 
their  contrary  electricities,  direCtly,  and  of  their  mafifes,  inverfely. 
In  air  impregnated  with  electrified  vapours,  the  two  aforefaid 
laws  are  liable  to  an  exception,  but  which  yet  is  of  a  pretty 
fimple  nature.  The  laws  concerning  more  intricated  motions, 
are  only  compounded  of  the  laws  above.  However,  as  this 
fubjeCt  is  very  extenfive,  and  fince  with  the  explanation  of  the 
above  laws,  we  are  to  combine  the  extenfive  law  of  the  vindicating 
electricity,  which  will  be  laid  down  hereafter,  I  propofe  to  di¬ 
vide  the  prefent  feCtion  into  two  parts. 


Firft  part  of  the  Sixth  Sedion. - On  the  eledric 

motions  of  deferent  bodies. 

CHAP.  I. 

On  the  law ,  and  meafure  of  the  retrocejjion  of  deferent  bodies ,  in 

open  air . 

837.  I.  T"  Unite  together  the  angles  of  a  filver  leaf  A,  and 
jj[  keep  them  thus  joined  with  a  long  thin  filk-thread  j 
the  other  extremity  of  which  I  fatten  to  a  hook  Z  (Pi  i  fig.  i.) 
of  the  conductor  Y,  and  I  take  care  that  the  leaf  be  placed  at  a 
great  diftance  from  any  ftrange  body.  I  then  grafp  the  belly  of  a 
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bottle,  the  hook  of  which  is  terminated  into  a  ball  ;  and  with  the 
other  hand  I  hold,  by  a  fimilar  filk  thread,  another  leaf  B,  exactly 
like  the  former  A. 

838.  With  the  above  ball,  I  touch  the  leaf  A,  and  thus  elec¬ 
trify  it  ;  then,  firetching  my  hand,  I  gradually  carry  this  leaf  A 
near  the  leaf  B.  So  long  as  the  diftance  between  both  remains 
greater  than  an  inch  and  an  half,  the  two  leaves  hang  parallel  to 
each  other  ;  whence  I  perceive,  that,  between  two  bodies ,  the  one  of 
which  is  electrified,  the  other  not,  no  eleCtric  motion  takes  place . 

839.  Another  perfon  prefents  his  finger  to  the  leaf  B,  and  with¬ 
draws  it  as  quickly  as  he  can  ;  then  the  two  leaves  run  and  meet 
each  other.  Asfoon  as  a  contadi  has  thus  taken  place  between  them, 
they  mutually  recede  from  each  other,  and  if  the  upper  extremi¬ 
ties  of  the  two  filk  threads  be  joined  together,  the  tu'o  leaves  ex¬ 
hibit  a  confiderable  divergence  ;  that  is  to  fay,  the  leaf  A  with 
its  atmofphere  endeavours  to  drive  the  natural  fire  from  the  next 
furface  of  the  other  leaf  B,  into  the  oppofite  furface  of  the  fame  ; 
whence  refults  on  this  oppofite  furface  an  atmofphere  by  excefs, 
which  expells  the  natural  fire  from  the  finger  that  has  been  pre- 
fented  to  it  ;  the  leaf  B  therefore  runs  to  this  finger  which  now  is. 
in  a  wanting  fiate,  and  gives  fome  of  its  own  fire  to  it  ;  as  the  two 
leaves  are  thereby  brought  to  a  different  eledtrical  fiate  from  each 
other,  they  move  to  each  other,  and  by  this  means  becoming  again 
fmilarly  electrified,  again  diverge . 

840.  IV.  I  remove  the  leafB  from  the  leaf  A,  and  touch  either  of 
them,  with  the  hook  (or  ball)  of  the  charged  bottle  ;  when  both  the 
leaves,  if  brought  clofe  to  each  other,  diverge  fiill  more  than  for¬ 
merly  :  the  reafon  is,  that,  in  the  former  infiance,  the  two  filver 
leaves  diverged  in  confequence  of  the  electricity  of  the  ball,  or 
hook,  communicated  to  A,  and  thence  communicated  to  B  ;  where¬ 
as  they  now  diverge  by  virtue  of  both  the  remnant  of  the  former 
eledtricity  in  the  one,  and  of  the  whole  eledtricity  jufi  now  difiufed 
into  the  other. 

841.  V.  I  now  alfo  touch  the  other  leaf  with  the  ball; 
and  when  both  are  brought  near  each  other,  their  divergence 
increafes  fiill  more  :  whence  I  infer,  that  the  mutual  ree f ion  of  two 
bodies ,  fmilarly  electrified,  is  proportioned  to  the  Jam  of  their  r  effective 
fimilar  electricities . 

842.  Thefe- 
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842.  Thefe  experiments  mud  be  made  in  very  favourable 
weather,  becaufe  otherwife  the  atmofphere  of  A  may  drive  the  natu¬ 
ral  fire  of  B  up  the  filk  thread  by  which  it  hangs  ;  and  then  attradl 
it  as  fcon  as  it  is  brought  near  it  :  it  mud  be  obferved  farther, 
that  in  order  to  caufe  one  of  the  leaves  to  run  to  the  other,  and 
thus  draw  its  eledbicity,  it  mud  be  fird  touched  by  another  per- 
fon,  that  it  may  through  him  fpeedily  fend  away  its  own  natural 
fire  ;  otherwifeit  would  not  move  towards  the  other  body  but  with 
great  flownefs. 

843.  With  regard  to  the  proportion  that  obtains  between  the 
mutual  receffions  of  deferent  bodies,  and  the  fums  of  their  fimilar 
electricities,  I  fhall,  at  the  end  of  this  chapter,  relate  a  few  more 
precife  experiments.  I  only  propofed  here  to  confider  the  compound¬ 
ed  receffions  of  two  or  more  bodies  fimilarly  and  equally  eledtrified  ; 
that  is  to  fay,  the  mutual  receffion  which  is  produced  in  thefe 
bodies,  not  only  by  their  own  atmofpheres,  but  is  in  each  of 
them  modified  by  the  adtion  of  other  neighbouring  homologous 
atmofpheres,  and  alfo  by  the  particular  adtions  of  gravity. 

844.  I.  Even  the  mutual  receffion  of  two  equal  flaxen  threads, 
fixed  to  the  fame  hook  Z  of  the  conductor  Y  (PL  I.  fig.  1.)  is  a 
compound  motion  ;  becaufe  they  are  repelled,  notonly  by  their  own 
reciprocal  atmofpheres,  but  alfo  by  that  of  the  conductor  :  there¬ 
fore,  if  the  condudior  be  horizontally  fituated,  they  recede  from 
each  other  in  a  vertical  plane,  perpendicular  to  the  axis  of  the  con¬ 
ductor:  the  reafon  of  this  is,  that  it  is  in  this  plane  that  the  atmo¬ 
fphere  of  the  conductor,  which  follows  the  (hape  of  it,  is  lead:  ex¬ 
tended,  and  its  repelling  power  is  lead:  the  threads  are  therefore 
carried  and  fupported  in  this  plane  by  the  excefs  of  the  repulfion 
which  arifes  from  oppolite  parts  of  the  conductor. 

845.  Nor  do  the  threads  diverge  as  much  as  daould  naturally 
be  expedted  from  the  adtion  of  their  atmofpheres  ;  the  amplenefs 
of  the  conductor,  to  which  correfponds  the  amplenefs  of  its  at¬ 
mofphere,  laterally  repells' thefe  threads,  and  thus  lefiens  the  angle 
of  their  divergence,  which  increafes  in  proportion  as  this  atmof¬ 
phere  is  lefs  extended. 

846.  From  thefe  fame  principles  it  follows,  that  if  two  threads 
are  annexed  pretty  near  the  extremity  of  the  conductor,  they  will 

Z  z  2  deviate 


ARTIFICIAL  ELECTRICITY. 


356 

deviate  towards  this  extremity,  lìnee  the  adtion  of  the  condudlor’s 
atmofphere  will,  in  this  cafe,  be  more  extended  and  efficacious  on 
the  one  fide  of  the  threads,  than  on  the  other. 

Sqy.  Let  the  two  threads  hang  from  a  point  A  (PI.  IX.  fig.  12) 
in  the  middle  of  the  lower  furface  of  the  conductor  Y,  which  is  in¬ 
clined  to  the  horizon.  Let  the  line  N  A  be  drawn  perpendicular 
to  the  lower  furface  of  the  conductor,  and  the  line  A  V  be  drawn 
perpendicular  to  the  horizon  ;  then  the  two  threads  A  B,  A  C,  will 
diverge  in  a  plane  BAG,  which  will  be  contained  between  the 
two  lines  AN,  A  V  :  the  gravity  of  the  threads  endeavours  to 
make  them  move  in  a  plane  belonging  to  A  V ;  the  adtion  of  the 
atmofphere  of  the  conductor  endeavours  to  make  them  diverge  in 
a  plane  belonging  to  the  perpendicular  A  N  ;  they  therefore  will 
diverge  in  a  plane  that  will  be  in  the  middle  between  both. 

84.8.  In  the  figures  13,  14,  15,  1 6 ,  the  right  line  I  M  ex- 
prettes  the  lower  fide  of  a  cylindric  conductor  four  or  five  inches 
wide,  and  horizontally  fituated  ;  the  point  A  exprefies  a  middle 
point  on  this  lower  fide,  to  which  three,  four,  &c.  threads  are 
fattened.  Let  us  fuppofe  that  only  three  fuch  threads  are  fufpend- 
ed  to  A  (fig.  13.)  the  points  B,  C,  D,  may  exprefs  their  lower  ex¬ 
tremities  in  the  fame  manner  as  if  they  were  feen  projected  on  an 
horizontal  plane  placed  under  them  :  the  two  threads  B  D  will 
diverge  to  oppofite  fides  and  deviate  from  the  vertical  line,  in 
confequence  of  their  being  repelled  by  the  thread  C  ;  which  in  its 
turn  will  be  repelled  by  the  two  others  ;  though  this  repulfion  or 
deviation  of  the  threads,  will  be  much  lettened  by  the  adtion  of 
the  atmofphere  of  the  condudtor. 

849.  If  to  the  point  A  (fig  14)  four  threads  are  annexed,  the 
points  B,  C,  D,  E,  will  exprefs  the  places  of  their  divergences-; 
two  of  thefe  threads  will  fimilarly  diverge  on  each  fide,  and  all  will 
equally  deviate  from  the  point  A  ;  but  the  excefs  of  the  adtion  that 
refultsfrom  the  length  of  the  atmofphere  of  thecondudtor,  will  caule 
the  diftance  of  B  from  C,  and  of  D  from  E,  to  be  lefs  than  the  dis¬ 
tances  CD,  BE. 

850.  If  to  the  point  A  five  threads  be  adapted,  (fig.  15)  four 
will  diverge  laterally  from  A,  one  will  diverge  in  a  vertical  plane 
made  on  I  M  ;  but  two  of  the  lateral  ones  C  and  D  will  diverge 
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lefs  than  the  two  others  B  F,  which  will  be  fupported  and  kept  out 
by  the  atmofphere  of  C  and  F,  and  of  D,  and  F. 

851.  To  the  point  A  (fig.  16)  let  fix  threads  be  fufpended.  $ 
they  will  diverge  laterally,  three  on  each  fide,  and  all  fix  will  form 
an  exagon  ;  only  the  fides  B  C,  BD,  G  F,  F  E  will  be  fhorter  than 
the  fides  DE,  B  G,  by  virtue  of  the  increafe  of  repulfion  that  will 
arile  from  the  length  of  the  conductor’s  atmofphere. 

852.  But  the  moll  firiking  experiment,  is  that  reprefented  in 
fig.  1  o  and  1  i  of  the  fame  PI.  IX.  A,  B,  C,  D,  E,  F,  &c.  are  a  ferios 
of  threads,  that  hang  parallel  from  the  lower  furface  of  a  conductor, 
and  are  difiant  from  each  other  about  two  inches.  When  the 
electricity  is  fent  into  the  conductor,  the  threads  move  from  each’ 
other,  alternately  parting,  the  one  on  the  left,  the  other  on  the 
right  fide  of  the  conductor,  as  is  reprefented  in  B,  D,  E,  H,  L,  N, 
P,  R,  &c.  (fig.  10)  and  form  as  it  were,  two  rows,  D,  H,  N,  R,  &c. 
B,  E,  L,  P,  &c.  Befides  this  difiribution,  and  mutual  receffion  of  the 
threads  on  both  fides,  we  may  farther  obferve,  that  the  threads  at 
the  extremities,  B,  D,  &c.  P,  R,  &c.  from  the  middle  threads 
deviate  outwards,  becaufe  there  are  no  other  adjoining  threads  that 
may  repell  them,  in  the  fame  manner  as  they  are  repelled  by  thefe 
middle  threads.  Certainly,  if  we  were  to  inveftigate  the  different 
degrees  of  aCtion  which  atmofpheres  of  different  fhapes  exercife 
againft  each  other,  we  would  find  that  thofe  compound  aCtions 
accurately  follow  the  principles  laid  down  in  the  theorems  of 
mechanicians  concerning  compound  preffions. 

85  7.  I  (hall  add  here  a  very  fimple  trial,  which  I  have  made  to 
meafurethe  proportion  between  the  divergence  of  two  threads,  and 
the  quantity  ot  the  electricity  that  aCts  upon  them.  I.  In  the 
middle  of  the  hall  allotted  for  experiments  in  the  Royal  Univerfity, 
I  fufpended  with  long  filk  firings,  X  Y,  X  Y,  (PI.  V.  fig.  1)  a 
tube  of  tin  Q^y,  four  feet  long,  three  inches  wide,  and  weighing 
three  pounds.  II.  To  the  lower  extremity  Q»  I  fufpended  a  plum¬ 
met  Qjl  ;  t°  the  point  A  in  the  middle  of  the  length  of  the  con¬ 
ductor,  I  fufpended  two  very  thin  filver  wires  which  I  had  ftraight- 
ened  in  the  fire,  that  they  might  hang  parallel  to  each 
other  ;  in  order  to  perceive  their  motions  from  a  fufficient  dis¬ 
tance,  I  fattened  two  bits  of  paper  to  their  extremities,  and  fipread 
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a  black  cloth  on  the  wall,  oppofite  to  which  I  propofed  to  watch 
them.  III.  I  afterwards  fixed  a  rule  O  P  on  a  fteady  little  ftool 
placed  at  a  great  diftance,  that  the  rule  might  not  difturb  the 
electricity  of  the  apparatus  ;  and  I  fettled  it  in  fuch  a  manner, 
that  it  was  parallel  to  a  plane  perpendicular  to  the  axis  of  the  con¬ 
ductor,  which  was  horizontally  placed  ;  becaule  I  knew  that  the 
wires  mud  diverge  in  that  plane.  IV.  Laftly,  I  placed  three  fmall 
cubes  of  lead  within  holes  made  in  the  rule  OP,  from  which 
fprungthree  very  Iharp  needles,  which  were  to  ferve  me  as  fights. 

854.  Things  being  thus  ordered,  I  fixed  a  fight  in  L;  fo 
that  my  vifual  ray  that  paffed  through  both  L  and  the  plummet  Q^R, 
reached  the  extremity  B  of  the  wires,  which  hung  parallel  to  the 
vertical  A  B  :  then  a  man  infulated  and  electrified  from  the 
Chain  (or  from  the  Machine)  touched  a  metal  leaf  placed  in  q 
with  a  brafs  rod  (if  he  had  touched  the  conductor  itfelf,  he 
might  have  moved  it)  and  thus  electrified  the  apparatus.  This 
done,  by  moving  the  cube  of  lead  along  the  rule,  I  placed  another 
fight  N  in  fuch  a  fituation,  that  my  vifual  ray  which  went  through 
the  point  N  and  the  plummet  Q^R,  hit  exaCtly  the  bit  of  paper 
which  then  had  role  to  D  ;  this  done,  I  bade  another  man,  who 
held  a  tube  S  exaCtly  equal  to  the  former  with  a  fiick  of  lealing 
wax,  to  touch  the  metallic  fheet  Q^with  it,  and  thus  take  away 
juft  a  half  part  of  the  eleClricity  diffufed  in  the  tube  Q^q  :  in  this 
very  inllant  I  placed  another  fight  M  in  fuch  a  manner  that  the 
vifual  ray  that  paffed  through  the  point  M  arid  the  plummet,  hit 
the  point  C  to  which  the  bit  of  paper  annexed  to  the  wire  was 
now  lowered,  from  D. 

855.  Having  afcertained,  by  repeating  feveral  times  the  opera¬ 
tion,  that  the  fights  were  placed  right  ;  I  fufpended  another 
plummet  A  1  to  the  point  from  which  the  wires  hung  ;  I  meafured 
the  horizontal  diftances,  L  R  and  r\  ;  I  took  the  diftances  L  M, 
LN  j  and  then  faying,  as  L  r  is  to  r  I,  fo  LN  is  to  I  G,  and  fo 
L  M  to  I  PI.  I  found  1  G,  I  H  equal  to  the  right  finufes  of  the 
femiangles  of  divergence  D  A  B,  C  A  B;  whence  I  immediately 
knew  the  value  of  the  chords  of  the  faid  femiangles.  Having 
repeated  this  experiment  feveral  times  in  one  day,  and  many  times 
more  afterwards  j  I  always  found  the  chord  of  the  angle  D  A  B 
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double  to  that  of  the  angle  CAB;  the  errors  were  never  more 
than  a  few  hundredth  parts  of  a  line,  and  entirely  vanished  when 
I  compounded  together  the  errors  that  had  taken  place  in  a  great 
number  of  repeated  experiments. 

856.  Since  therefore,  the  chord  of  the  femiangle  DAB,  which 
proceeds  from  the  total  eledricity,  is  double  to  the  chord  of  the 
femiangle  CAB,  which  proceeds  from  the  half  eledricity;  and 
lìnee,  befides  the  forces  that  fufpend  bodies  in  different  arches  of 
a  circle,  are  to  each  other  in  the  fame  ratio  as  the  arches  are  to 
each  other;  it  follows,  that  the  force  of  an  eledricity  confiding  of 
a  double  excefs,  is  double  to  that  of  an  eledricity  confiding  of  a 
firn  pie  excefs. 


H 


P. 


II. 


On  the  motions  of  deferent  bodies  towards  each  other  ;  on  the  compo - 
fition  of  fuch  motions ,  with  their  motions  from  each  other  ;  and  on 
the  alterations  that  arife  in  thefe  motions  from  differences  in  the 
maffes  of  the  bodies . 


857.  ITT'  ROM  the  very  beginning  of  this  book  (num.  6)  I 
X  obferved  that  the  motions  by  which  different  bodies 
recede  from  each  other,  were  motions  of  a  fimple  preffion  ;  by  which 
I  meant  that  the  eledricity  did  not  diffufe  itfelf  away,  either 
from  the  one  or  from  the  other  fyftem  :  therefore,  any  fuch  mo¬ 
tions  of  bodies  towards  each  other  as  only  take  place  from  didances 
too  great  to  allow  of  a  real  diffufion  of  the  aduating  eledricity, 
mud  alfo  be  looked  upon  as  motions  of  fimple  preffion  ;  thefe  mo¬ 
tions  I  propofe  to  examine  in  this  chapter.  A  metallic  wire  or 
thread,  fomewhat  heavy,  adapted  to  the  lowed  point  of  the  con- 
dudor  Y  (PI.  I.  fig.  1)  deviates  from  the  vertical  line  towards  a 
wall  that  remains  didantfrom  it,  two,  three,  or  more  feet,  though 
no  diffufion  of  the  eledricity  of  the  condudor  into  the  wall  takes 
place.  Reciprocally,  a  fimilar  thread  that  hangs  clofe  to  a  wall, 
deviates  a  little  from  it  towards  the  condudor,  though  it  remains  at 
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fuch  a  diffance,  that  it  certainly  draws  no  electricity  from  it  ;  this 
maybe  proved  by  the  former  experiment  ofth  zfcrutator,  or  eleCtro- 
fcope  (PI.  VII.  fig.  i)  which,  being  prefented  laterally  and  un¬ 
derneath  to  the  conductor,  at  the  difiance  for  inftance  of  one  foot, 
always  directed  its  threads  in  the  fame  manner,  towards  the  fame 
part  of  the  conductor. 

858.  Now  thefe  approaches  of  bodies,  arifing  from  a  fimple 
frejjion ,  are  fometimes  compounded  with  recefiions  of  the  fame; 
and  they  mutually  modify  each  ocher.  The  two  threads  of  the 
fcrutator  immerfed  in  the  atmofphere  of  the  conductor,  recede 
from  each  other,  becaufe  both  become  fimilarly  electrified,  which 
is,  by  deficiency,  as  their  natural  fire  is  driven  away  by  this  atmo¬ 
fphere  ;  but  in  the  mean  while  they  alfo  tend  to  move  towards  the 
conductor,  which  circumftance  leflens  the  degree  of  their  mutual 
recefiions. 

859.  As  the  tendency  of  two  bodies  towards  the  fame  point 
leflens  their  divergence,  fo  their  tendencies  towards  different  op- 
pofite  places,  increafes  their  divergence. 

860.  If  only  one  of  the  two  bodies  is  attracted  outwards  by 
another  ftrange  body,  they  will  then  unequally  diverge  from  each 
other  ;  and  the  angle  contained  between  a  vertical  line  drawn  from 
the  common  point  of  fufpenlion,  and  the  thread  chat  is  attracted, 
will  be  greater  than  the  angle  contained  between  the  fame  vertical 
line,  and  the  thread  that  is  not  attracted. 

861.  With  thefe  feveral  motions  muff:  alfo  be  compounded  the 
accidents  arifing  from  the  different  gravities  of  the  bodies  with 
which  the  experiments  are  made  ;  and  the  divergences  will  be  lefs 
according  as  the  weight  of  the  electrified  fufpended  bodies  will  be 
greater. 

862.  The  gravity  of  bodies  alfo  alters  their  mutual  ap¬ 
proaches  or  receliions.  Let  fix  threads  be  annexed  to  fix  equi- 
diftant  points  of  a  feCtion  X  of  the  conductor  X  horizontally 
fituated  ;  the  electricity  will  tend  to  make  thefe  threads,  or  hairs, 
diverge  at  equal  angles  from  each  other  ;  and  in  faCt,  if  they  are 
exceedingly  fine,  they  will  do  fo  ;  but  if  their  weight  is  fomewhat 
confiderable,  the  vertical  thread,  &c.  which,  in  order  to  rife,  muff: 
furmount  the  whole  force  of  its  gravity,  can  no  longer  effeCl  it, 
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and  will  bend  itfelf  downwards  ;  the  horizontal  threads  will  allo 
meet  with  a  refiftance  that  will  hinder  them  from  riling,  but  will  be  lei's 
than  that  oppofed  to  the  former  thread  ;  and  the  two  oblique  in¬ 
ferior  threads  will  indeed  meet  alfo  with  a  refiftance  from  the  in- 
c  re  afe.  of  their  weight,  but  which  will  be  fall  lefs  than  that  met 
by  the  two  horizontal  threads. 

863.  If  two  threads  are  of  different  weights,  it  is  plain  that 
their  mutual  receffion  will  be  unequally  modified  by  their  ref- 
pedlive  gravities  ;  and  it  is  eafy  to  determine  what  will  be  the 
degree  and  the  law  of  fuch  modifications. 

864.  I  might  fay  fomething  with  regard  to  the  accidents  that 
may  caufe  the  electrical  motions  of  bodies,  to  vary,  and  which  arife 
from  differences  in  the  latter’s  furfaces,  fhapes,  and  dimeniions  ; 
but  I  am  afraid  I  have  already  too  much  expatiated  on  a  fubjedl, 
which,  in  many  cafes  may  be  better  underftood  and  developed  by 
the  obferver  himfelf,  than  defcribed  by  the  pen,  however  exadl,  of 
a  writer. 


CHAP.  III. 

On  the  ?notions  of  attuai  diffufon  in  the  elettric  fire. 

865.  IT  Prefent  my  hand  fideways  to  a  flaxen  thread,  hanging 
I  from  the  condudlor  Y  (Tab.  I.  fig.  I)  :  this  thread, 
when  my  hand  is  at  a  certain  diftance,  runs  to  it,  clings  to  it,  and 
diflufes  into  it  the  exceffive  fire  of  the  condudlor.  II.  Alfo,  from 
the  ground,  I  prefent  a  flaxen  thread  to  the  condudlor,  and  it  runs 
to  it,  clings  to  it,  and  tranfmits  the  fire  from  it  to  my  body,  and 
thence  to  the  ground.  III.  Or  I  prefent  the  fame  thread,  to  the 
thread  that  hangs  to  the  condudlor  ;  when  both  run  to  each  other, 
and  the  latter  likewife  diflufes  its  fire  into  the  former.  IV.  If 
the  eledlricity  be  continued,  then  the  threads  part  from  each  other, 
either  becaufe  they  are  but  little  deferent,  or  becaule  they  are 
too  much  fo.  If  the  threads  are  of  flax,  and  extremely  dry,  they 
join  with  more  difficulty;  becaufe  the  atmofphere  of  the  con¬ 
dudlor  more  difficultly  introduces  a  contrary  eledlricity  into  that 
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thread  which  belongs  to  the  ground  :  after  the  threads  have  joined 
together,  they  alio  preferve  their  electricity  fomewhat  longer, 
and  they  part  from  each  other  only  for  Inch  Ihort  tiines  as 
are  neceffary  to  enable  both  the  electricity  which  is  retarded 
in  the  thread  belonging  to  the  ground,  to  diffipate,  and  a 
contrary  one  again  to  arife  in  it  If  the  threads  are  ex¬ 
tremely  wet,  or  which  is  better,  if  they  are  filver  wires  extremely 
thin,  fuch  as  are  ufed  by  Aftronomers  for  lufpending  their  pen¬ 
dulums,  they  join  together,  but  loon  part,  and  then  unite  again  : 
this  is  becaufe  fuch  wires,  when  joining  and  touching  each  other, 
inftantly  diffufe  away  the  whole  electricity  of  the  conductor  ;  then 
they  fall  back,  and  again  join  together,  when  another  excefs  has 
been  accumulated. 

866.  Whence  it  appears,  that  the  above  junctions  of  threads, 
wires,  or  other  bodies,  do  not  continue  but  fo  long  as  the  eleCtric 
fire  continues  entirely  to  diffufe  itfelf  away  through  them. 
This  fame  principle  allo  ferves  to  explain  other  more  complicated 
motions,  which  from  their  fuccefiive  alternations,  may  be  called, 
eleCtric  ofcillations  ;  the  only  difference  is,  that  in  thefe  oFcil la¬ 
ti  o  n  s ,  the  approaching  and  receding  motions  by  which  they  are 
formed,  are  complicated  together;  the  following  is  an  experiment 
veryufeful  to  render  fuch  mediations  confpk uous.  With  an  whole 
rolled  fheet  of  gilt  paper  1  make  a  pendulum  B,  (PI  V.  fig.  4) 
which  by  a  filk  thread  hangs  from  the  cieling  of  the  room,  and 
remains  at  a  few  inches  diltance  from  the  conductor  D.  If  there 
is  no  ffrange  body  near  the  laid  pendulum,  and  the  filk  thread 
accurately  infulates  it,  the  electricity  of  the  conductor,  however 
intenfe  it  may  be,  cannot  make  the  pendulum  move  to  the  con¬ 
ductor;  but  as  foon  as  1  bring  a  ffrange  body  near  the  pendulum, 
the  latter  flies  to  this  body,  and  gives  it  a  fmall  fpark  ;  it  then 
flies  back  to  the  conductor  and  receives  from  it  a  ffill  larger  fpark  ; 
this  fpark  the  pendulum  carries  again  to  the  ffrange  body,  and 
thus  continues  to  ofcillate  ;  that  is  to  fay,  the  pendulum  B  does 
not  move  towards  the  conductor,  but  when  the  latter  is  enabled  to 
aCtuate  in  it  an  electricity  contrary  to  its  own  ;  and  this  it  cannot 
do  until  another  body  is  brought  near  the  pendulum,  into  which 
the  conductor  may  drive  the  natural  fire  of  the  latter. 
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867.  Sometimes,  indead  of  a  folid  body,  I  carry  the  flame  of  a 
candle  nearthe  pendulum  3  and  this  flame,  even  at  the  diltance  of 
two  feet,  caufes  the  pendulum  to  fly  to  the  conductor,  then  to 
part  from  it  for  a  (hort  while,  and  inviflbly  diffuse  away  the  fire 
it  has  received  from  it,  then  to  fly  again  to  it,  there  to  receive 
another  fpark,  and  thus  to  continue  to  (trike  againfl  it,  like  a  bat¬ 
tering  ram  driven  by  an  invifible  force.  With  this  latter  very 
fimple  experiment,  I  confirm  the  truth  of  the  principle  that  pro¬ 
duces  and  governs  eledfric  ofcillations,  which  is  nothing  more  than 
a  diffufion  of  the  eledfric  fire  effedted  in  a  certain  manner  3  and 
I  moreover  (hew  how  the  air  becomes  apt  to  favour  fuch  diffufion, 
firft,  by  virtue  of  the  rarity  introduced  into  it  by  the  flame,  and 
then  by  that  of  the  deferent  vapours  that  remain  fpread  within  it, 
which  the  eledfric  fire,  while  diffufing  itfelf  from  the  pendulum, 
gathers  and  difpofes  in  its  way. 

868.  The  fig.  5.  of  the  PI.  V.  reprefents  an  experiment  in 
which  the  diffufion  of  the  eledfric  fire,  by  means  of  an  ofcillation, 
is  rendered  (till  more  manifeft.  B  is  a  fquare  piece  of  pafteboard 
lined  with  gilt  paper,  the  lateral  angles  of  which  are  fomewhat 
blunt  ;  A  B,  is  a  long  filk  thread  which  infulates  it  in  the  mid¬ 
dle  between  the  condudtòr  D,  and  a  (frange  body  C,  the  furface  of 
which  is  pretty  broad  :  this  pendulum  ofcillates  between  thefe  two 
bodies,  exhibiting  a  (far  on  that  of  its  (li2rp  angles  which  is  di- 
redfed  towards  the  (frange  body,  and  a  brufh  on  that  (harp  angle 
which  (fands  neared  to  the  condudfor,  which  in  this  cafe  is  fup- 
pofed  to  be  electric  by  deficiency. 

869.  Univerfally,  the  ofcillations  that  are  produced  by  an  elec¬ 
tric  force,  differ  from  thofe  produced  by  gravity,  in  this  3  in  the 
latter  cafe,  the  motion  is  accelerated  as  the  ofcillating  body  moves 
towards  the  lowed  point  3  but  in  the  former,  this  acceleration  is 
complicated  with  another  acceleration  towards  the  fyflems  con- 
trarily  eledtric  between  which  fuch  ofcillations  take  place,  and 
is  caufed  by  the  fire  which  diffufes  itfelf  from  the  one  to  the  other. 

S70.  If  indead  of  gilt  paper,  a  ball  of  metal  be  u  fed ,  which  hangs 
between  two  metal  bells,  the  one  of  which  is  annexed  to  an  elec¬ 
trified  fydem  3  the  ball  will  tranfmit  the  eledlricity  of  the  one 
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fyftem  or  bell,  to  the  other,  by  flriking  againft  both  alternately  : 
balls  or  bells  thus  difpofed  are  the  mean's  ufed  by  philofophers  to  be 
informed  of  the  fponta'neous  motions  of  the  atmofpheric  elec¬ 
tricity. 

871.  If  a  feries  of  fuch  bells  be  properly  framed  and  difpofed, 
the  fir fb  and  laft  of  which  communicate  with  different  fyflems  ; 
the  balls  infulated  between  them  may  thus  be  brought  to  form 
among  themfelves  a  kind  of  harmony. 

872.  If  the  fmall  bells  be  difpofed  with  regard  to  their  tones, 
after  the  fame  manner  as  the  firings  of  a  harpfichord,  and  com¬ 
municate  with  each  other  by  means  of  infulated  fmall  inflru- 
ments  like  the  keys  of  a  harpfichord,  fuch  hells  only  will  found  as 
filali  have  thefe  keys  removed  from  them,  and  thus  a  kind  of  elee- 
trie  mufic  may  be  obtained,  and  an  eledtric  harpfichord  effected  : 
to  this  add,  that  care  muff  be  had  to  place  two  different  keys 
between  each  pair  of  bells,  that  the  ofcillating  ball  may  draw  a 
found  from  each  of  them  feparately. 

873.  Thefe  elebtric  ofcillations  may  ferve  for  a  number  of 
entertaining  experiments;  fuch  for  inftance,  is  the fpider,  contrived 
by  Dr.  Franklin  ;  fuch  is  the  fwing  which  I  mentioned  in  the 
fecond  chapter  of  Artif.  Elec.  — A  B  (PliM.  fig.  2)  is  a  long  thin 
tube  of  glafs,  to  which  two  needles  are  adapted  in  B,  which  ferve  as 
an  axis  to  it  ;  A  and  C  are  two  gilt  figures  which  muff  be  without 
any  fbarp  angles  ;  the  whole  is  placed  between  four  balls,  two  of 
which  D,  d,  communicate  with  the  Chain,  and  the  other  two  E,  e, 
with  the  Machine  ;  and  between  thefe  balls,  the  above  figures  will 
continue  to  play  conformably  to  the  principles  above  explained. 

874.  Thefe  kinds  of  inflruments  or  apparatus,  are  rather  plays 
to  amufe,  than  experiments  to  inform  ;  and  at  the  fame  time,  there 
are  other  operations  which  are  fo  complicated,  that  they  rather 
ferve  to  tire  and  perplex  the  obferver,  than  to  afford  him  any  real 
inftrubtion  :  fuch  are  experiments  made  by  electrifying  a  number 
of  pieces  of  metal  leaves,  and  making  them  ofcillate  at  once  ;  fuch 
are  alfo  the  motions  that  take  place  between  particles  of  fawings  of 
wood,  which  experiment  has  been  deferibed  by  the  Abbe  Nollet 
to  the  Academy  of  Paris  ;  but  as  this  experiment,  as  well  as  others 
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of  a  complicated  kind,  depend  on  the  principles  above  defcribed, 
any  particular  and  minute  explanation  of  them  would  be  unnecef- 
fary. 

875.  I  might  alfo,  in  order  to  render  the  repulfion  arifing  from 
homologous  electricities  dill  more  manifeft,  have  introduced  the 
indance  of  a  jet  of  water,  produced  by  the  water’s  own  electricity, 
and  alfo  that  of  fuch  a  jet,  produced  by  the  prefence  of  an  elec¬ 
trified  fyflem  only.  If  you  prefent  under  a  conductor,  a  thin  jet 
of  water,  which  fprings  upwards,  you  fhall  fee  it  divided  into  a 
number  of  fmall  drops  ;  and  while  thofe  in  the  middle  will  rife  to 
the  conductor  through  a  very  crooked  way,  the  lateral  ones  will  be 
driven  from  it. 

876.  And  not  only  the  combined  motions  of  a  number  of  cor- 
pufcles  at  once,  but  the  fimple  motion  of  a  fingie  corpufcle  placed 
between  two  fv (terns,  will  alio  exhibit  confiderable  deviations  and 
apparent  irregularities  ;  and  which  are  fuch  that  the  ufual  cha- 
raCteridics  and  laws  of  eleCtric  ofcillations  can  fometimes  fcarcely 
be  acknowledged  in  them. 

877.  I  filali  here  deferibe  one  of  thefe  irregularities,  which 
takes  place  in  the  apparatus  reprefented  in  fig.  9.  PI.  X.  Z  P,  is 
a  filk  hair  five  feet  long  ;  I  ufe  it  of  fuch  length,  to  that  end  that 
the  ofcillations  may  be  more  flow  and  confpicuous;  to  this  hair 
a  gilt  ball  is  annexed  about  two  lines  and  an  half  in  diameter,  and 
weighing  only  two  grains.  This  ball  is  difpofed  in  the  middle 
between  two  balls  of  brafs,  A,  B,  which  rife  from  the  belly  of  two 
bottles,  at  b ,  and  are  half  an  inch  in  diameter:  both  bottles 
lie  on  the  ground  ;  a  is  charged,  the  other  not,  and  moreover, 
its  lining  and  coating  communicate  together. 

878.  I.  When  the  bottle  a,  has  only  a  fmall  remnant  of 
charge  left,  the  irregularities  of  the  ofcillations  become  ftili  more 
difcernible;  the  fmall  gik  hall  P,  from  the  bottle  A,  ufually  rifes 
obliquely,  and  moves  along  the  oblique  line  Am,  it  goes  beyond 
the  ball  B,  and  afterwards  fall  back  on  it  :  from  the  latter  it  is 
repercuffed  with  a  much  lets  force  than  it  came,  and  moving 
through  aline  Bn— A,  ftraiter  than  before,  turns  back  to  the  ball  A, 
without  going  beyond  it.  The  caufe  of  the  lateral  deviation  of 
the  ball  P,  lies  in  the  difficulty  which  this  ball  P,  finds  to  ftrike 
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againft  the  two  inner  points  of  the  balls  A  and  B;  in  which  cafe 
it  would  be  diredly  reflected  from  the  one  to  the  other.  In  fad, 
though  it  be  very  rare,  yet  it  fometimes  happens  that  the  pen¬ 
dulum  P  is  diredly  carried  againft  thefe  inner  points  ;  in  fuch  cafe 
it  moves  diredly  from  the  one  ball  to  the  other,  and  thus  per¬ 
forms  two,  three,  or  more  ofciilations.  But  if  to  the  balls  A  and 
B,  two  plain  parallel  metallic  furfaces  are  fubftituted,  then  the 
pendulum  P  regularly  ofcillates  between  them  without  any  irre¬ 
gularity  or  deviation.  To  the  confiderations  of  both  the  oblique 
ftroke  and  refledion  that  takes  place  when  balls  are  ufed,  this  other 
muff  be  added,  viz.  that  the  pendulum  A  is  repelled  from  the  ball 
A  in  proportion  to  the  latter’s  greater  eledricity,  of  which  it  now 
partakes  :  the  ball  B,  which  communicates  with  the  ground,  is  only 
aduated  by  the  flight  degree  of  deficiency  which  the  ball  A  can 
produce  in  it,  by  virtue  of  its  own  atmofphere;  and  therefore  the 
pendulum  P  is  repelled  by  it  with  a  force  proportionably  lefs. 

879.  II.  While  the  bottle  a  continues  to  be  animated  with  a 
pretty  flrong  eledricity,  (he  whirling  motion  exhibited  by  the 
pendulum  P,  after  it  has  touched  the  ball  A,  becomes  extremely 
varied,  according  to  the  numberlefs  combinations  that  may  arife 
between  the  different  circumflances  which  may  influence  the 
ofciilations  of  this  pendulum  :  fuch  are,  I.  The  particular 
place  of  the  pendulum  on  which  it  is  flruck  by  the  ball  A.  If. 
The  angle  under  which  it  is  repelled.  III.  The  degree  of  force 
with  which  it  is  repelled.  IV*  Theeffed  of  the  weight  or  gravity 
of  the  pendulum.  V.  The  adion  of  the  atmofphere  of  A,  which 
continues  to  repel  that  pendulum  till  it  has  touched  the  ball  B,  dec. 

880.  Between  ofcillatory  eledric  motions,  and  the  eledric  mo¬ 
tions  produced  by jufpenfion,  there  is  a  great  affinity.  Out  of  a  filver 
leaf,  I  cut  a  parellelogram  B  (PI.  V.  fig.  6)  the  angles  C,  D,  of 
which  are  very  fharp  ;  I  fufpend  it  between  two  metallic  plain  fur- 
faces,  conneded  with  the  hooks  of  two  bottles  that  are  both  charged, 
but  after  a  contrary  manner;  or  if  the  one  be  not  charged,  there 
mud  be  a  communication  between  its  coating  and  its  lining.  I. 
When  there  only  remains  a  very  finali  eledricity  in  the  bottles, 
th  en  the  leaf  ofcillates  from  the  one  furface  to  the  other,  alternately 
ilriking  againfl  them.  II.  While  the  eledricity  continues  to  be 
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very  ftrong,  the  leaf  B  remains  fufpended  between  the  two 
bottles,  only  performing  very  fhort  vibrations,  though  the  diftance 
between  the  bottles  is  greater  than  the  intervals  to  which  the 
points  extend  their  wind  $  if  this  diftance  between  the  bottles 
be  lefs  than  the  diftance  to  which  the  points  C,  D,  can  drive 
the  eledtrified  air,  then  the  leaf  B  remains  unmoved.  III.  If  the 
angles  C  D,  are  unequal,  then  the  leaf  B  remains  fufpended  at 
diftances  from  each  bottle  proportioned  to  the  different  degrees  of 
fharpnefs  of  its  angles.  IV.  If  an  angle  be  very  fharp,  and  the 
other  entirely  rounded,  then  the  latter  turns  itfelf  towards  the 
electrified  bottle,  and  remains  united  to  it,  as  Dr.  Franklin  has’ 
very  well  obferved,  while  the  ocher  angle  remains  directed  out¬ 
wards,  however  diftant  the  other  bottle  may  be.  When  I  make 
this  experiment,  I  ufually  fufpend  the  leaf  with  a  thin  lilk  hair, 
in  order  to  difcern  the  better  its  motions.  As  for  the  laws  of 
thefe  kinds  of  motions,  they  are  constantly  the  lame,  fo  long  as  the 
leaves  are  presented  immediately  to  an  eledtrified  lyftem  :  but  it 
mull  be  obferved,  that  after  whatever  manner  the  experiment  is 
made,  the  leaf,  every  other  circumftances  being  equal,  remains 
neareft  to  that  fyftem  which  is  not  eledtrified  ;  and  the  reafon  of 
this  is,  that,  as  I  obferved  before,  the  fyftem  which  is  not  elec¬ 
trified  determines  with  lefs  force  the  current  of  air  which  tranf- 
mifs  the  eledtricity,  and  makes  it  l'pread  itfelf  to  a  lefs  diftance 
than  the  eledtrined  lyftem. 

83 1.  But  what  elle  are  all  the  different  kinds  of  eledtric  motions 
which  I  b  ive  hitherto  deferihed,  but  fo  many  particular  confe- 
quences  of  the  general  hw,  that  the  eledbric  fire  drives  and  difpofes 
in  its  way  fuch  dDermt  bodies  as  may  favour  its  paffage  from  one 
fyftem  to  another  ?  I.  DTerent  bodies,  when  they  are  without 
any  fharp  angles,  cannot  give  or  receive  eledtric  fire  hut  as  long  as 
they  are  in  adtual  contadi  with  other  bodies  ;  they  are  therefore 
neceftitated  to  olcillate  between  fuch  bodies  or  fyftems  as  are 
placed  too  far  for  them  to  touch  them  at  the  fame  time,  and  al¬ 
ternately  to  ftrike  againft  them.  II.  If  the  excels  of  the  one 
fyftem  above  the  other  be  very  fm  11,  it  cannot  then  excite  any 
confiderable  electric  wind,  and  even  fharp  bodies  are,  in  fuch 
cafes,  obliged  to  olcillate,  and  alternately  to  touch  both  fyftems. 

III.  If 
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3 If.  If  the  relative  excefs  be  fomewhat  dronger,  fo  that  it  may 
excite  fome  pretty  confiderable  eleCtric  wind  from  the  fuf- 
pended  body,  though  fuch  wind  does  not  extend  to  both  fyftems, 
then,  the  ofcillations  are  ffiortened,  the  metallic  fheet  ofcillates 
through  fuch  traCts  only  as  are  neceffary  to  enable  the  eleCtric  wind 
thatariles  from  its  (harp  angles,  to  reach  both  fydems,  alternately. 
V.  If  the  relative  excefs  be  confiderable,  then,  as  the  one  of 
the  points  of  the  deferent  leaf  throws  the  air  deprived  of  its 
own  natural  fire  to  a  great  didance  while  the  other  point  likewife 
throws  the  air  loaded  with  exceffive  fire  to  a  fufficient  didance, 
the  leaf  remains  unmoved. 

882.  But  the  law  concerning  motions  of  an  aCtual  diffufion  (9) 
viz.  that  the  eie ùl rie  fire  difipofies  deferent  bodies  in  its  way ,  that  it 
jnay  dijf'ufe  itfielf  through  them  with  as  much  celerity  as  both  its  own 
force ,  and  their  deference  can  allow ,  this  law,  I  fay,  becomes 
particularly  manifed,  when  we  confider  the  arrangement  and 
fuccedive  connection  of  a  feries  of  corpufcles  lying  between  two 
fydems  :  which  arrangement  of  corpufcles,  I  have  ufually  ex- 
preded  by  the  words,  a  difipofition  of  the  fame  in  the  fire's  way.  Of 
this  kind  of  motion  I  have  given  feveral  indances,  and  a  number 
of  others  might  be  added.  Moid  vapours  that  fpring  from  metal¬ 
lic  eolipiles  contrarily  electrified,  and  the  deams  of  which  are 
obliquely  directed  relatively  to  each  other,  bend  themfelves  towards 
each  other,  unite  together  into  one  continued  dream  or  feries  of 
particles,  and  by  this  means  the  fire  which  fuperabounds  in  the 
one,  is  communicated  to  the  other. 

883.  But  with  regard  to  this  difpodtion  of  deferent  bodies 
in  a  continued  feries,  this  other  law  mud  be  laid  down,  viz.  a 
feries  of  corpufcles  is  not  formed  by  the  eleblric  fire ,  nor  fubfifis,  but  as 
far  as  this  fire  finds  no  eafier  way  to  transfiufie  itfielf. 

884.  The  dud  of  bran  which  is  prefented  underneath  to  a 
conductor,  forms  conducting  drings  of  its  own  particles,  only 
when  the  electricity  of  the  conductor  is  weak,  becaufe  it  then 
finds  a  fufficient  padage  through  fuch  particles  as  are  but  little 
deferent:  if  the  electricity  be  drengthened,  then  the  drings  break; 
clouds,  as  it  were,  of  feparate  particles  of  bran  rife,  which  by 
means  of  their  numbers,  and  of  the  rapidity  of  their  motions,  con¬ 
duct 
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dutt  more  fire  to  the  neighbouring  body,  than  the  above  firings 
were  able  to  perform. 

885.  If  the  intenfity  is  farther  increafed,  then  another  kind  of 
difpofition  of  bodies  in  the  fire s  way  takes  place,  which  I  may  call 
a  violent  one  :  the  fparkling  element  then  excites  mofi  attive  ef¬ 
fluvia  from  the  deferent  particles  of  the  water,  for  infiance,  which 
it  finds  in  its  way,  and  by  their  means  explodes  the  air  away;  by 
this  means  the  elettric  fire  mofi  copioufly  and  eafily  diffufes  itfelf. 

886.  To  the  many  examples  which  I  have  formerly  mentioned 
of  violent  difpofitions  of  bodies  in  the  fire’s  way,  I  filiali  only  add  a 
comparifon  between  it,  and  another  phenomenon  of  the  lame  kind, 
which  is  effettedin  a  milder  manner.  Make  a  large  drop  of  water 
hang  from  the  rounded  extremity  of  a  rod  of  metal,  annexed  to  a 
conductor  :  as  you  will  excite  the  elettricity  of  the  conduttor,  the 
drop  will  ftretch  itfelf  towards  the  furface  of  the  water  that  rifes 
from  the  edge  of  a  glafs,  full  to  the  brim,  placed  under  it,  which  it 
even  fometimes  attratts;  and  by  fuccefiively  lengthening  and  fhort- 
ening  itfelf,  according  as  the  elettricity  which  it  endeavours  to 
transfufe  will  be  more  or  lefs  intenfe,  this  drop  will  exhibit  a 
number  of  various  accidents.  But  if,  through  the  fame  drop,  a 
pretty  confiderable  battery  be  difcharged,  then  the  vehement  fpark 
will  explode  the  greateft  part  of  it  into  vapour,  and  through  this 
vapour,  rulh  united  and  compatt. 


CHAP.  IV. 

On  the  motion  of  bodies  immerfed  in  an  electrified  medium . 

887.  T  N  my  feventh  letter  on  Terrefirial  Atmofpheric  Elec- 
X  tricity,  I  wrote  very  minutely  on  the  elettricity  which 
is  railed  in  the  air  of  a  room.  In  the  fifteenth  letter,  p.  343.  I 
gave  an  account  of  the  elettricity  introduced  into  an  extenfive 
vaulted  room  :  but  it  was  only  after  writing  the  faid  book,  that  I  - 
perceived  that  the  elettricity  did  not  really  diffufe  itfelf  through  the 
fiubftance  itfelf  of  the  air  in  the  room,  but  through  the  vapours  only 
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with  which  it  was  impregnated.  I  at  firft  experimented  in  a 
narrow  room,  where  a  fire  was  kept  burning  in  a  Prujfian  chimney  ; 
but  even  when  there  was  no  fire  in  the  room,  I  could  eleCtrify  it, 
provided  1  had  remained  a  while  in  it,  with  the  windows  and  door 
Shut.  in  the  large  vaulted  room,  I  kept  a  fire  in  an  iron  ftove, 
but  though  the  air  remained  limpid  and  transparent,  yet  I  was 
afterwards  obliged  to  acknowledge  that  the  oblique  iron  pipe 
adapted  to  the  ftove,  had  not  entirely  difcharged  the  vapours  of 
the  fire,  and  that  to  their  remnant,  though  imperceptible, 
was  owing  the  electricity  which  I  was  able  to  excite.  In  faCt, 
when  I  afterwards  experimented  immediately  after  (hutting  the 
windows,  and  in  very  dry  weather,  I  could  not  by  any  means,  ex¬ 
cite  any  elettrici ty  in  the  air  of  the  room. 

883.  Thence  I  had  recourfe  to  the  expedient  of  railing,  what¬ 
ever  might  be  the  fiate  of  the  weather,  vapours  that  might  favour 
my  experiments.  In  my  little  book  on  Eleftric  Atmofpliercs ,  which 
I  lent  to  the  Royal  Society  on  the  26th  of  February,  1769,  I 
related  in  the  numb.  78,  how,  by  burning  frankincenfe,  I  raifed 
a  vapour  which  very  expeditioufly  and  vifibly  produced  the  fame 
effects  as  the  vapours  which  in  the  night  had  rifen  from  my 
body. 

889.  In  experimenting  in  air  thus  prepared,  I  obferved,  Id 
That  fine  flaxen  threads  annexed  to  the  conductor,  foon  acquired 
their  greatefi  divergence  ;  but  if  I  continued  to  excite  the  elec¬ 
tricity,  this  divergence  leflened  very  fenfibly.  This  decreafe  of 
divergence  took  place  with  a  kind  of  regular  gradation,  es¬ 
pecially  when  a  coated  Sheet  of  glafs  was  charging  :  So  long  as  the 
electric  fire,  was  employed,  as  it  was  at  firft,  in  forming  the  charge, 
it  gradually  carried  the  threads  to  a  pretty  considerable  divergence  ^ 
but  as  the  electricity  grew  more  intenfe,  then  the  fire  began  to 
diffufe  itfelf  out  of  the  fheet,  into  the  deferent  vapours  Spread 
around  it,  and  it  thereby  counteracted  the  electricity  of  the 
threads,  and  Soon  leflened  their  divergence. 

890.  When  afterwards  the  eleCtricity  began  to  be  Spread  to  a 
certain  difiance  in  the  vaporous  air,  if  I  touched  the  conductor,  I 
obferved  that  the  threads  annexed  to  it,  vibrated  in  order  to  join 
together  *  but  before  they  actually  effected  it,  they  rapidly  moved 

again 
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again  from  each  other.  In  order  more  accurately  to  investigate 
the  caufe  of  thefe  accidents,  I  excited  afrefh  the  electricity  of  the 
conductor;  then  with  a  flaxen  thread  very  dry,  that  is  little  de¬ 
ferent,  I  touched  the  conductor  at  feveral  fucceflive  times  ;  and  I 
obferved  that,  at  every  touch,  the  divergence  of  the  threads  lef- 
fened,  fo  that  they  at  lafi  refumed  their  natural  Rate  :  if  I  then  Hill 
continued  to  touch  the  conductor,  a  new  divergence  arofe  in  the 
threads.  I  repeated  the  experiment,  and  when  the  threads 
were  brought  to  diverge  in  confequence  of  their  own  electricity, 
I  directed  a  metallic  point  to  the  conductor,  and  as  I  brought  it 
nearer  to  it,  the  threads  Arti  recovered  their  natural  Rate,  then 
diverged  afrefh.  When,  after  the  threads  had  recovered  their  natural 
Rate,  whatever  might  have  been  the  manner  of  effecting  it,  l 
prefented  my  finger  to  the  conductor,  I  received  a  fpark  from  it, 
and  a  new  divergence  inftantly  took  place.  I  charged  a  coated 
bottle,  fupplied  with  a  ball  in  A  (PI.  X.  fig.  9)  ;  I  prefented 
this  ball  to  the  threads  of  the  conductor,  which  were  in  the  Rate 
of  their  firfl  divergence,  and  they  flew  from  it  :  I  prefented  the 
ball  to  the  fame  threads,  when  in  the  Rate  of  their  fecond  diver¬ 
gence,  and  they  flew  to  it;  and  in  this  Rate,  as  I  moreover  obferved, 
they  flew  from  the  belly  of  the  charged  bottle  which  I  prefented 
to  them,  holding  it  then  by  the  ball  A. 

891.  From  the  combination  of  all  thefe  faCts  it  follows,  I. 
That  in  the  cafe  of  the  firR  divergence,  the  threads  of  the  con¬ 
ductor  did  not  diverge,  but  in  proportion  to  the  excefs  of  their  own 
fire,  above  the  fire  that  was  diffufed  in  the  air.  II.  When  the 
refiduous  fire  on  the  furface  of  the  threads  was  brought  to  an 
equality  with  the  fire  in  the  vaporous  air,  then  the  threads 
hung  in  their  natural  Rate:  which  is  the  cafe  with  all  bodies  im- 
merfed  in  a  medium  equally  electrified  with  themfelves.  III.  The 
two  portions  of  exceffive  fire,  that  which  was  diffufed  in  the  con¬ 
ductor,  and  that  in  the  ambient  air,  endeavoured  not  only  to  deffroy 
each  other,  but  alfo  to  drive  away  the  natural  fire  in  them  :  fo 
that  it  happened  that  the  conductor  drove  the  fire  diffufed  in  the 
vapours  contiguous  to  it,  into  continually  more  remote  ones  ;  and  re^ 
ciprocally,  when  a  Rrange  body  communicated  with  the  conductor, 
then  the  exceffive  fire  that  was  diffufed  in  the  air,  began  to  drive 

Bbb  2  from 


372  ARTIFICIAL  ELECTRICITY. 

from  the  conductor  not  only  the  excefiive  fire  in  it,  but  alio  a  pro¬ 
portional  part  of  its  natural  one. 

892.  The  latter  propofition  may  alfo  be  demonflrated  by  a 
very  fimple  experiment.  With  one  of  your  hands,  touch  the  con¬ 
ductor,  and  prelent  a  finger  of  the  other  hand  to  the  threads  ;  they 
will  fly  from  it.  Place  your  finger  between  both,  they  will  likewife 
fly  from  it,  increafing  their  reciprocal  divergence  :  if  you  prefent 
your  finger  externally  to-  one  of  them,  they  will  both  recede  from 
it  :  that  is  to  fay,  the  exceffive  electricity  diffufed  in  the  air,  will 
drive  the  natural  fire  from  your  finger,  as  well  as  from  the  threads* 

S93.  The  nature  and  effects  of  the  electricity  diffufed  in  va¬ 
porous  air,  is  rendered  confpicuous  by  the  different  motions  of  cor- 
pufcles  contained  in  it,  which  communicate  with  the  ground. 
Hold  two  threads  between  your  fingers,  and  with  thefe  wralk. 
about  the  room,  after  a  pretty  copious  electricity  has  been  dif¬ 
fufed  into  the  air  of  it  ;  and  you  will  fee  them  in  any  part  of  the 
room  diverge  from  each  other,  as  well  as  from  the  tables,  the  chairs, 
the  walls,  or  any  body  in  the  room  to  which  they  may  bepre- 
fented  :  if  to  the  tables,  chairs,  &c.  you  have  previoufly  annexed 
threads,  you  will  fee  the  latter  diverge,  as  foon  as  the  electricity 
begins  to  diffufe  itfelf,  and  continue  to  do  fo,  fo  long  as  there  re¬ 
mains  any. 

894.  I  mu  ft  not  omit  here  a  few  obfervations  I  have  made, 
with  refpect,  fir  ft  to  the  propagation,  then  to  the  duration  of  this 
electricity.  It  does  not  diffufe.  itfelf  at  once  from  the  conductor, 
but  fucceffively  reaches  parts  more  and  more  remote  from  it;  fo 
that  if,  after  only  a  fhort  exciting  of  the  electricity  in  the  room, 
the  friction  is  flopped,  the  threads  I  hold  in  my  fingers,  diverge 
only  at  the  diflance  of  a  few  feet  from  the  conductor.  In  order 
to  have  the  threads  diverge  at  a  greater  diflance  from  the  con¬ 
ductor,  the  friction  mull  be  continued  longer  :  and  in  the  large 
vaulted  room  which  I  mentioned  above,  I  found  that  threads,, 
carried  to  the  diflance  of  twenty-four  feet  from  the  conductor,  did 
not  begin  to  diverge  but  after  the  excitation  had  been  continued 
ten  or  twelve  minutes. 

895.  It  isof  courfe  to  beconcluded,  that  the  divergence  of  threads, 
is  lefs  at  a  great  diflance  from  the  conductor,  than  near  it. 

8  96. 
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896.  With  regard  to  the  duration  of  the  electricity  diffuled  in 
air,  it  lafts  longer  according  as  the  vapours  or  effluvia  through 
which  it  is  diffufed,  are  rarer  and  lefs  deferent  ;  therefore,  the  du¬ 
ration  of  the  eleCtricity  is  longer  in  proportion  as  a  longer  time 
has  been  employed  in  exciting  it.  It  has  often  happened  to  me, 
when  returning  into  a  room  from  which  I  had  been  abfent  an 
hour  and  an  half,  to  find  that  the  threads  annexed  to  a  conductor 
that  communicated  with  the  ground,  continued  to  diverge  ;  but  then 
the  air  in  the  room  was  only  impregnated  with  very  rare,  and  as 
I  think,  imperfectly  deferent  vapours,  which  had  efcaped  out  of 
the  fiove.  At  other  times,  I  rendered  the  air  vaporous  with  two 
eolipiles  ;  when  the  eleCtricity  raifed  in  it  lafted,  I  found,  much 
lefs  than  in  the  former  infiance.  But  when  I  burnt  frankincenfe, 
the  eleCtricity  that  was  diffufed  through  its  fmoke,  lafied  but  little  : 
the  reafon  was,  that,  though  the  particles  of  frankincenfe  might  be 
of  a  pretty  much  infulating  nature,  yet  they  rofe  very  thick, 
and  diffufed  themfelves  with  fuch  a  copioufnefs  as  to  create  in  the 
room  a  very  fenfible  opacous  fog. 

897.  I  filali  relate  here  a  very  fimple  method  of  experimenting 
on  the  eleCtricity  that  takes  place  in  vaporous  air,  and  invefii- 
gating  its  laws  and  different  accidents.  Let  the  fig.  3.  PI.  V. 
reprefent  a  glafs  bell  C,  fufficiently  ample,  fupplied  with  a  rod  A  B, 
to  which  two  very  thin  flaxen  threads  are  annexed  ;  and  if  the 
weather  be  fomewhat  damp,  it  will  be  fufficient  to  raife  a  fmail 
quantity  of  vapours  under  the  bell.  Place  the  bell  on  a  finali  ffool  ; 
make  the  hook  of  the  rod  AB,  communicate  with  a  conductor; 
and  after  a  fhort  excitation  of  the  eleCtricity,  the  air  under  the 
bell  will  be  competently  electrified.  If  then  you  touch  the  hook 
A,  the  two  threads  B  will  begin  to  move  towards  each  other,  in 
confequence  of  their  own  eleCtricity;  but  as  this  eleCtricity  will  foon 
ceafe,  they  will  pafs  to  a  fecond  divergence  in  confequence  of  the 
vaporous  eleCtricity  in  the  room,  which  will  drive  the  natural 
fire  both  from  them,  and  from  the  rod  AB.  If  I  excite  again  the 
eleCtricity  in  the  conductor,  the  threads  will  again  begin  to  move 
to  each  other,  in  confequence  of  their  own  eleCtricity,  which  is 
equal  to  that  in  the  air;  but  they  foon  will  again  diverge,  becaufe 
their  eleCtricity  will  foon  prevail  over  that  of  the  latter,  &c.  Ex¬ 
periments 
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periments  of  this  kind  may  very  well,  as  the  reader  may  fee,  be 
made  under  a  glafs  bell,  and  by  this  means,  there  is  no  occafion  for 
darkening  the  whole  room  with  vapours. 

898.  If  after  introducing  a  vaporous  eleCtricity  into  the  bell, 
you  proceed  to  draw  the  air  out  of  it,  very  remarkable  accidents 
will  take  place  ;  but  of  thefe,  as  well  as  of  the  eleCtricity  of  the 
air  and  vapours  under  the  bell,  I  propofe  to  treat  in  the  next 
chapter. 


€  H  A  P.  V. 

In  which  electrical  motions  performed  in  dilated  air ,  are  examined . 

899.  T~  N  the  fummer  of  the  year  1752,  in  which  I  wrote  my 
X  book  on  Natural  and  Artificial  Electricities ,  leverai  cir¬ 
cumstances  hindered  me  from  examining  with  a  fufficient  degree  of 
attention,  the  electrical  motions  that  took  place  within  the  vacuum 
of  an  air  pump.  The  chief  obftacle  I  met  with  at  that  time, 
was  theinconveniency  of  my  air  pump,  as  well  as  the  imperfection 
of  fome  of  the  inftruments  that  belonged  to  it.  But  having  lìnee 
got  an  air  pump  to  be  made  in  which  the  defeats  of  the  former 
were  corrected,  I  fhall  here  relate  a  few  of  the  obfervations  I  have 
made  with  it,  (PI.  VII.  fig.  ir,  12,  13). 

900.  Ufing  jointly  with  my  new  air  pump,  the  eleCtric  ap¬ 
paratus  reprefented  in  fig.  9.  PI.  II.  I  made  the  following  experi¬ 
ment.  A  thin  filk  hair,  four  inches  and  an  half  long,  was  fattened 
with  foft  wax  to  the  upper  part  of  the  infide  of  a  glafs  bell;  to  it  was 
fufpended  the  pendulum  P,  made  of  tinfoil,  weighing  rather  lefs 
than  a  grain,  and  difiant  two  lines  from  the  ball  B,  which  received 
its  electricity  from  the  Chain,  and  only  half  a  line  from  the  ball  C, 
which,  through  the  rod  CD,  diffufed  this  electricity  into  the 
ground  :  the  barometer,  at  the  time  of  the  experiment,  was  27 
inches,  nine  lines  high  (Italian  meafure),  and  here  follows  what  I 
obferved. 

901.  I.  When  only  an  inch  of  air  (that  is  a  ~  nearly,  of  that 
contained  in  the  bell)  remained  in  it;  the  fmall  eleCtric  pendulum 
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very  quickly  ofcillated  between  the  balls  B,  C,  and  fmartly  drude 
againd  them.  II.  When  only  9  lines  of  air  remained  in  the  glafs 
bell,  the  pendulum  dill  moved  with  great  velocity  from  one  ball 
to  the  other,  fo  that  it  was  very  didicult  to  count  the  ofcillations  ; 
though  it  mud  be  obferved,  it  then  druck  againd  the  balls  with  lefs 
force.  III.  When  there  remained  only  about  fix  lines  of  air  in  the 
bell,  the  pendulum  continued  to  drike  againd  the  ball  C,  but 
feldom  againd  the  ball  B.  IV.  When  only  5  lines  of  air  remained 
in  the  bell,  the  pendulum  dill  continued  to  drike  againd  the  ball 
C,  but  could  only  a  few  times  reach  the  ball  B.  V.  When  only 
four  lines  of  air  remained,  the  pendulum  continued  to  touch  the 
ball  C,  but  reached  no  longer  the  ball  B.  VI.  When  three  lines 
of  air  remained,  the  pendulum  now  and  then  reached  the  ball  B, 
but  always  kept  an  whole  half  line  didant  from  the  ball  C.  VII. 
When  only  a  line  and  an  half  remained,  the  pendulum  dill  con¬ 
tinued  to  reach  the  ball  B  C,  but,  when  falling  from  it,  remained 
an  whole  line  didant  from  the  ball  B. 

902.  From  this  experiment  it  plainly  appears,  that  when  the 
air  is  much  dilated,  fo  that  there  remain  under  the  bell  only  nine 
lines  of  air,  that  is  T\  part  of  the  atmofpheric  air;  the  eledlric 
dgns  feem,  at  fird  fight,  to  have  lod  nothing  of  their  former 
quicknefs. 

903.  But  when  afterwards  the  air  becomes  dilated  to  a  greater 
degree,  the  eledtric  dgns  under  the  bell,  begin  to  grow  propor- 
tionably  languid. 

904.  Yet,  even  the  electric  dgns  that  take  place  in  the  air, 
when  drd  reduced  to  a  T*T  part  of  the  atmofpheric  air,  are  found, 
if  conddered  with  attention,  to  be  lefs  vehement  and  lefs  rapid, 
than  thofe  performed  in  air,  either  condenfated,  or  that  retains  its 
natural  dendty.  I  fay,  they  are  lefs  vehement,  becaufe  in  air  that 
retains  its  ufual  dendty,  the  pendulum,  efpecially  if  it  be  fomewhat- 
didant  from  the  balls  ;  (PL  V.  dg.  10,  11.)  performs  around  them  ' 
whirling  motions,  fucb  as  thofe  deferibed  in  num.  878,  8795  the 
chief  caufe  of  which  is  the  intendty  and  extendon  of  the  at- 
mofphere  fpread  around  the  ball,  which  communicates  with  the 
Chain.  When  the  air  begins  to  be  pretty  much  dilated,  fo  that 
the  bre  begins  to  meet  with  a  free  padage,  the  atmofphere  around 
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the  ball  B,  becomes  lefs  intenfe  and  lefs  extended,  and  the  eledric 
motions  become  of  courfe  lefs  complicated  ;  in  fuch  cale,  the 
pendulum  runs  from  the  ball  B  to  the  ball  C,  for  indance,  through 
the  curve  liney,  x,  u ,  t it  drikes  the  ball  C  on  its  back  part  f, 
where  the  atmofphere  of  the  ball  becomes  lefs  intenfe,  and  turns 
hack  to  the  ball  B,  through  the  curve  line  t,  s,  r,  a.  But  even 
in*  air  that  retains  its  denfity,  fuch  motions  may  be  brought  to  a 
great  degree  of  fimplicity  and  regularity.  Leave  off  exciting  the 
electricity,  and  as  foon  as  it  will  fubfide,  the  pendulum  will  ofcillate 
from  one  ball  to  the  other,  without  any  deviation  ;  this  is,  becaufe 
the  intenfity  and  extendon  of  the  eledric  atmofphere  will  then 
leffen  together  with  the  eledricity  of  the  condudor. 

905.  But  to  conclude  this  fubjed  of  motions  that  take  place 
in  air  extremely  dilated,  it  remains  to  be  faid,  in  the  fourth  place, 
that  fuch  motions  happen  chiefly  when  the  dream  of  fire  is  very 
weak:  for  indance,  I  faid  that  when  there  remains  only  one  line 
and  an  half  of  air  in  the  glafs  bell,  the  eledric  pendulum  continues 
to  reach  the  ball  B,  and  that  when  it  falls  back,  it  remains  one 
line  didant  from  the  ball  C  ;  now  this  motion,  which  is  the  greated 
that  takes  place  in  air  brought  to  fuch  a  rarity,  does  not  take  place 
when  the  glafs  is  excited  to  the  utmod,  and  an  uniform,  deady, 
red,  violaceous  ray  takes  place  between  the  two  brafs  balls  within 
the  bell  ;  it  takes  place  when  the  fridion  of  the  glafs,  is  either 
very  weak,  or  when  it  begins  or  ceafes  j  which  fad,  how¬ 
ever  paradoxical  it  may  appear  at  fird  fight,  is  no  lefs  conformable 
to  reafon  than  to  truth.  The  eledric  fire  does  not  fet  bodies  in 
motion,  in  confequence  of  its  furrounding  them  on  all  fides,  and 
involving  them  in  a  continued  dream  ;  but  it  fets  them  in  motion 
in  confequence  of  its  ading  with  unequal  force  on  oppofite  fides 
of  them  j  which  is  not  the  cafe  in  the  above  experiment,  except 
when  the  eledric  ray  or  dream,  either  only  reaches  the  pendulum, 
and  does  not  yet  proceed  farther  ;  or  when  it  parts  from  it,  without 
being  fucceeded  by  another  eledric  effluvium. 

90Ò.  From  the  fame  principle  may  alfo  be  underdood  the 
reafon  of  another  experiment  made  in  dilated  air,  with  minute 
particles  of  gold  leaf,  or  other  corpufcles  of  a  like  kind.  On  a 
hrafs  didi  (FI.  V.  fig.  9)  placed  on  the  bafon  of  the  air  pump,  I 
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fpread  a  few  fuch  corpufcles  :  when  the  vacuum  is  made,  I  lower 
the  metallic  rod,  which  is  terminated  in  a  kind  of  ring,  fo  as  to 
bring  this  ring  to  a  certain  diftance  from  the  corpufcles  :  when  the 
electricity  begins  to  be  excited,  fome  few  corpufcles  rife  to  the 
ring,  but  if  the  electricity  is  then  farther  excited,  the  other  cor¬ 
pufcles  remain  unmoved.  The  reafon  is,  as  I  faid  above,  that  the 
beginning  effluvium,  alone,  of  eleCtric  fire,  can  move  the  corpui- 
cles,  not  a  continuous,  uniformly  difiufed  ftrearn  of  it.  The  mo¬ 
tions  of  thefe  corpufcles,  indeed  appear  very  quick,  and  might 
make  us  think  at  firfi,  that  the  prefence  of  the  air  is  little  neceflary 
to  eleCtrical  motions  ;  but  a  fingle  obfervation  will  convince  us  of 
the  contrary  :  if  the  vacuum  be  brought  to  a  line  and  an  half  of 
air,  the  motion  above  will  only  take  place  at  a  very  finali  difiance, 
»  whereas  in  the  open  air,  corpufcles  move  at  the  difiance  of  three, 
four,  or  even  fix  feet  from  the  conductor  :  from  all  this  it  there¬ 
fore  follows,  that  in  proportion  as  air  is  more  completely  dilated, 
and  the  eleCtric  fire  confequently  finds  a  freer  pafiage  through  it, 
eleCtric  motions  lefien,  grow  languid,  and  fail.  In  the  experiment 
of  an  eleCtric  pendulum  placed  between  two  balls,  at  the  finali 
difiance  of  about  two  lines,  any  fmall  increafe  of  this  difiance 
will  be  fufficient  to  prevent  the  pendulum  from  touching  either 
ball  any  longer,  and  make  it  keep  ofcillating  between  both 
with  a  great  liownefs,  and  through  very  fhort  arches. 

907.  In  order  to  obtain  as  great  light  as  poffible  on  the  fubjeCt, 
I  have  not  omitted  to  experiment  in  the  barometrical  vacuum,  as 
I  have  related  in  num.  46  of  Terr.  Atm.  Elec.  The  difficulty  I 
found  to  unite  the  glafs  melted  with  a  lamp,  around  the  threads  of 
amianthus  I  tried  to  ufe,  obliged  me  to  infert  balls  made  of  fuch 
threads,  into  the  upper  part  of  the  tubes  blown  into  the  fhape  of 
flafks,  (PI.  V.  fig.  13.)  after  having  well  warmed  them  on  burning 
charcoal.  Thefe  tubes  I  gradually  filled  with  mercury,  and  fuc- 
ceffively  extracted  the  air  by  the  help  of  an  iron  wire.  Even  in 
the  befi  of  the  barometers  I  thus  made,  there  muft  have  been  a 
remnant  of  air  ;  fince  when  I  (hook  it  in  the  dark,  I  could  perceive 
a  Ihort  ring  of  eleCtric  light  *  which  accompanied  the  circum- 

*  I  mean  to  fpealc  of  the  little  lucid  ring  produced  by  friCtion,  which  I  have  analyfed 
at  the  end  of  the  chap.  II.  that  the  light  of  communication  may  appear  in  a  complete 
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ference  of  the  mercurial  cylinder  ;  which  luminous  appearance  I 
could  not  perceive  in  other  barometers  more  completely  emptied 
of  air,  which  I  fucceeded  to  make  when  I  inferted  no  threads  of 
amianthus  into  them.  With  the  barometer  made  as  deferibed 
above,  I  experimented  as  follows.  I.  Into  a  tube  of  glafs  exadhly 
equal  and  fimilar  to  the  tube  of  the  barometer  I  ufed,  I  likewife 
inferted  a  ball  of  threads  of  amianthus,  which  I  made  communicate 
with  the  ground  through  an  iron  wire  ;  the  mercury  of  the  veflel 
into  which  the  tube  of  the  barometer  was  dipped,  communicated 
alfo  with  the  ground.  Making  choice  of  a  very  dry  day,  I  inf¬ 
lated  myfelf,  and  communicated  with  the  Chain.  When  I  pre- 
fented  my  finger  to  the  top  of  the  barometer,  a  fmall  fpark  leaped 
to  it,  and  in  the  fame  inftant  the  whole  empty  fpace  of  the 
barometer,  (Terr.  Atm.  Klee.  p.  48)  was  filled  with  an  electric 
light  uniformly  diffufed,  of  a  red  purpureous  colour,  which  waa 
lefs  vivid  than  the  light  of  the  fpark,  in  proportion  as  it  was  more 
extenfively  diffufed  :  but  while  this  took  place,  I  could  hardly 
perceive  a  motion  in  the  threads  of  amianthus.  On  the  other 
hand,  when  I  prelented  after  the  fame  manner,  my  finger  to  the 
other  tube,  made  of  the  fame  fhape  as  the  barometer,  a  fpark 
no  fooner  leaped  from  my  finger  to  its  external  furface,  than 
another  leaped  from  the  internal  one,  to  the  threads  of  amianthus;, 
which  fpark  often  fhook  not  only  a  few  of  the  threads,  but  the 
whole  aggregation  of  them.  In  fhort,  I  afeertained  this  truth, 
that  even  in  very  minute  bodies,  the  eledtric  motions  grow  very 
weak  in  proportion  as  the  vacuum  grows  exadt  in  which  the  ex¬ 
periment  is  made.  I  continued  to  experiment,  and  made  bubbles 
of  air  enter  into  the  barometer,  and  then  obferving  in  the  dark, 

I  faw  them  lighten  as  they  were  riling  :  fome  of  them  were  not 
unlike  thofe  lightning  globes  which  fometimes  are  feen  during 
Aurora Boreales  ;  but  the  circumflance  I  chiefly  propofe  to  obferve,. 
is  that  the  mercury  in  the  barometer  was  fcarcely  lowered  three 
inches,  when  the  whole  mafs  of  threads  began  to  be  agitated  at: 
every  fpark  that  was  drawn. 

vacuum,  is  what  I  never  doubted,  and  I  have  even  deferibed  a  number  of  inflances  of  > 
fuch.  light, 
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908.  Though  I  have  hitherto  only  mentioned  the  vibrations 
and  complicated  motions  of  threads  of  amianthus;  yet  I  have  al  fo 
examined  in  the  vacuum  motions  of  a  hill  fimpler  kind  :  here 
follow  the  lah  experiments  I  have  made  on  that  fubjeCL  I.  In  a 
glafs  bell  nine  inches  high,  four  wide,  and  through  the  neck  ot 
which  a  brafs  rod  was  inferted,  I  fufpended  two  fine  threads  about 
fixteen  lines  long,  to  the  extremity  of  this  rod,  with  balls  of  pith  of 
elder  hanging  by  them,  and  fo  light  that  they  fcarcely  could  flretch 
them.  IL  I  eflablifhed  a  communication  between  the  rod  and 
the  conductor,  and  after  the  glafs  had  been  rubbed  a  long  while, 
there  arofe  within  the  glafs  bell  an  electricity  that  made  the  threads 
begin  to  move  towards  each  other  when  the  conductor  was 
touched  ;  but  they  foon  paffed  to  their  fecond  divergence,  refulting 
from  an  ambient  electricity  :  if  the  conductor  was  again  electrified, 
the  threads  again  began  to  move  towards  each  other,  and  afterwards 
diverged  in  confequence  of  their  own  electricity.  III.  I  then 
began  to  make  a  vacuum  under  the  glafs  bell,  and  after  the  firft 
ftrokes  of  the  embolus,  when  the  ufual  fogginefs  began  to  appear 
within  the  top  of  the  bell,  it  feemed  as  if  the  divergence  of 
the  threads  in  confequence  of  the  eleCtricity  in  the  ambient  air, 
were  fomewhat  increafed  ;  but  this  increafe  was  but  fmall,  and 
lafied  but  little  :  when  I  drew  more  air,  the  divergence  proved 
ftill  lefs.  However,  though  the  air  was  afterwards  almoft  com¬ 
pletely  extracted,  fo  that  little  more  than  two  lines  of  it  remained 
within  the  bell,  yet  a  divergence  continued  to  take  place  between 
the  threads,  no  lefs  than  fifteen  or  twenty  degrees.  IV.  Having 
farther  dilated  the  air,  fo  that  the  remnant  of  air  was  no  w  no  more  than 
two  lines,  I  faw  the  eleCtric  fire  flow  from  the  threads  to  the  bafon 
underneath,  under  the  appearance  of  two  continued  rays  :  when 
thefe  rays  flowed  with  fome  intenfity,  the  threads  immediately 
fell  into  a  contadi  with  each  other,  but  refumed  fome  divergence 
whenever  the  rays  feemed  either  to  ceafe  or  grow  languid.  V. 
Admitting  afterwards  the  air  under  the  glafs  bell,  and  mean  while 
touching  the  Chain,  I  perceived  the  divergence  of  the  threads 
increafe  ;  but  it  foon  began  to  leflen  very  fenfibly.  Though  the 
air  was  now  freely  admitted  into  the  bell,  yet  there  was  flill  a  fmall 
remnant  of  divergence  ;  and  when  after  railing  the  bell  from  the 
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bafon,  I  preferiteci  a  brafs  rod  to  the  threads,  they  receded  to  a 
certain  fliort  diftance  from  it.  VI.  The  above  accidents  are  to 
be  obferved,  when  the  balls  are  placed  pretty  high  in  the  vacuum, 
for  indance,  at  about  five  inches  above  the  bafon  :  if  the  rod  be 
lowered,  then  the  balls,  as  they  move  downwards,  lofe  their 
divergence,  fo  that,  when  they  are  only  an  inch  difiant  from  the 
bafon,  they  diverge  no  more,  however  firongly  the  ele&ricity  may 
be  excited,  and  the  fire  is  then  feen  continually  flowing  through 
the  vacuum  without  moving  them. 

909.  The  latter  circumftance  feems  to  indicate  that  the  elec¬ 
tricity  by  virtue  of  which  the  balls  diverged,  arole  from  fome 
fire,  which  from  the  metallic  neck  of  the  bell,  ran  along  the 
external  furface  of  the  latter,  and  actuated  an  eleCtric  atmofphere 
from  the  correfponding  internal  furface  ;  becaufe  the  experiment 
was  made  in  good  weather,  and  the  bell  was  fmooth  and  free  from 
vapours.  However,  when  can  air  be  faid  to  be  completely  pure  ? 

I.  It  might  be,  that  the  lower  vapours  retained  little  or  no  elec¬ 
tricity  in  confequence  of  their  being  nearer  the  deferent  bafon. 

II.  The  increafe  of  the  divergence  between  the  two  balls  of  pith 
of  elder,  that  took  place  when  the  air  began  to  be  drawing  out,  may 
have  been  owing  to  the  vapours  that  gathered  near  the  top  of  the 
bell,  where  they  formed  a  kind  of  fog,  and  thus  encreafed  their 
own  electricity,  after  the  fame  manner  as  we  have  feen  that  a  man 
increafes  his  own  electricity  by  gathering  his  limbs  together  on  an 
infulating  fiool,  (num.  457).  III.  The  little  increafe  of  divergence 
that  took  place  when  the  air  began  to  be  admitted,  was  perhaps  owing 
to  a  like  caufe  ;  in  that  infiant  the  electrified  vapours  were  driven 
towards  the  top  of  the  glafs-bell.  IV.  In  repeating  this  experi¬ 
ment,  I  have  leverai  times,  both  before  extracting  the  air,  and 
after,  wiped  the  bell  with  a  handkerchief,  and  the  divergence  (till 
continued.  V.  The  fame  divergence  happened  feveral  times  to 
continue,  though  at  the  fame  time  a  very  fine  thread  which  I 
prefented  externally  to  the  bell,  was  not  attracted. 

910.  But  whatever  the  caufe  of  this  eleCtricity  might  be,  whe¬ 
ther  it  arofe  from  the  fire  that  flowed  externally,  or  internally, 
along  the  furface  of  the  glafs,  or  from  the  fire  that  actuated  the 
vapours  diffufed  within  the  bell,  and  after  drawing  off  the  air, 
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Rill  continued  in  them,  though  they  became  much  rarer,  this  at 
leaf!  is  certain,  that  the  effects  of  this  electricity  were  entirely 
fimilar  to  thofe  that  obtain  in  the  aereo -vaporous  ele&ricity  : 
and  in  the  fecond  place,  from  thefe  experiments  it  feems  to  refult 
that  the  natural  quantity  of eleCtric  fire  lies  diffufed  in  the  vacuum, 
in  the  fame  manner  as  it  does  in  other  mediums  or  bodies  ;  in  faCt, 
both  the  exceffive  fire  which  is  actually  accumulated  in  the 
vapours  of  the  air,  brought  to  the  rarity  of  two  lines,  and  the 
excefiive  tenfion  which  takes  place  in  the  fire  of  fuch  a  medium, 
fuppofe  the  prefence  of  the  natural  quantity  of  it  ;  nor  does  it 
feem  that  this  natural  quantity  may  be  actually  diffufed  in  fo  rare 
a  medium,  without  being  likewife  diffufed  in  more  complete 
vacuums.  And  here  we  muft  add,  in  the  third  place,  that  air 
refifts  the  eleCtric  fire,  keeps  it  back,  and  compells  it  to  accumulate, 
by  making  it  coalefce,  not  with  the  fubftance  of  other  eleCtric  fire 
contained  in  it,  but  with  its  own  fubftance.  In  the  fourth 
place,  with  refpeCt  to  our  prefent  enquiry  concerning  the  mutual 
eleCtric  receffions  of  bodies  in  dilated  air,  it  appears  that  they  are 
proportioned  to  the  quantity  of  the  electricity  that  is  retained  by 
the  remaining  air. 


CHAP.  VL 

The  caufes  of  eleciric  motions * 

9 1-1 .  I1T  E  are  under  no  necefiity  of  explaining  eleCtric 
V  V  motions  by  certain  indeterminate  kinds  of  attractions, 
or  repul  fions,  as  Sir  Ifaac  Newton  has  been  obliged  to  do  with  refpeCt 
to  the  phenomena  of  the  univ.erfal.  gravity.  No  mechanic  principle 
of  gravity  has  yet  been  difeovered  by  our  fenfes;  and  all  thofe  which, 
men  have  hitherto  imagined  in  order  to  explain  this  phenomenon, 
have  been  found  infufficient,  nay  repugnant  to  the  evidence  of 
faCts  :  but  in  regard  to  eleCtric  motions,  we  manifefil.y  perceive 
them  to  be  owing  to  a  moft  aCtive  element,  to  the  inequilibration 
of  which  eleCtric  motions  exactly  correfpond,  with  refpeCt  both 
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to  their  exigence,  and  to  their  quantity  and  quality.  I  fay  with 
refpedt  to  their  exifience ,  becaufe  eledtric  motions  never  take  place 
but  when  the  electric  fire  is  unbalanced,  and  adtually  endeavours 
to  recover  its  equilibrium  :  I  alfo  fay,  with  refpedt  to  their  quan¬ 
tity,  becaufe  they  are  always  found  to  be  proportioned  to  the 
greatnefs  either  of  fuch  unbalancement,  or  of  the  diffufion  of  it 
that  takes  place  ;  and  allo  to  their  quality ,  becaufe  the  fame  kinds 
of  motion  are  always  feen  to  take  place  between  bodies  con- 
trarily  eledtrified,  and  likewife  between  bodies  fimilarly  eledtrified. 
it  to  thefe  confiderations  we  add  that  of  the  eledtric  atmofpheres, 
that  is  to  fay,  if  we  refledt  that  from  the  unbalancement  of  the 
eledtric  fire  in  deferent  bodies,  an  adequate  unbalancement  always 
arife  in  the  fire  belonging  to  the  ambient  air,  whence  arife  motions 
of  fimple  pr  effort  in  thofe  intervals  through  which  the  eledtric 
fire  cannot  adtually  flow,  and  fometimes  alfo  of  attuai  diffufion , 
it  will,  I  fay,  appear  evident  that  between  the  attuai  unbalancement  of 
the  elettric  fire ,  or  a  diffufion  of  the  fame ,  and  the  motions  of  bodies , 
there  is  a  connettion  ofi  both  caufes  and  effetts . 

q  1 2.  The  difcovery  of  fuch  a  connedtion  invites  us  to  feek  for 
fome  more  precife  operation  or  adtion  of  the  eledtric  fire,  by 
which,  when  it  endeavours  to  recover  its  equilibrium,  it  produces 
eledtric  motions.  Not  that  I  think  we  may  prefume  to  difcufs  the 
nature  of  the  firft  elements  of  the  eledtric  fire,  and  of  its  primitive 
forces;  all  thefe  are  beyond  the  reach  of  our  fenfes,  confequently 
beyond  the  fphere  of  our  underftanding.  We  are  to  look  for  the 
principles  on  which  we  mean  to  ground  our  theory,  in  the  lati 
phenomena  to  which  our  fenfitive  faculty  can  extend. 

913/.  Now  the  lafi:  phenomena  to  which  my  fight,  my  feeling, 
and  in  general  my  fenfes  have  allowed  me  to  reach,  have  all  of 
them  confirmed  this  truth  to  me.  I.  That,  the  elettric  fire,  neither 
in  infill  at  in  g  nor  in  deferent  bodies ,  can  either  be  dilated  by  drawing  it 
to  contrary  parts ,  or  condenfated  by  trying  to  comprefs  it  from  oppofed 
parts.  This  firft  truth,  as  far  as  concerns  glafs,  is  conformable 
to  the  Franklinian  theory,  and  is  demonftrated  in  a  very  fimple 
manner  by  the  experiment  related  at  p.  64  of  the  vindicating  elec¬ 
tricity  ;  which  confifis  in  touching  both  coatings  of  a  plate,  with 
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the  hooks  and  the  coatings  of  two  bottles  equally  and  fimilarly 
electrified  ;  when  the  coatings  of  the  plate  are  found  to  have  con-» 
trailed  no  electricity.  With  regard  to  fuch  other  folid  bodies, 
as  may  be  electrified  in  the  fame  manner  as  glafs,  the  like  refult 
will  be  obtained  *.  With  refpeCt  both  to  infulating  and  deferent 
bodies  of  a  fluid  nature,  the  fame  is  manifefi  from  the  experiment 
of  the  eleCtric  well  ;  in  faCt,  the  natural  fiate  either  of  the  fire  of 
the  cavity  of  the  well ,  or  of  the  bucket  fufpended  in  its  middle,  or 
of  the  air  contained  in  it,  are  not  in  the  lead:  altered,  whatever 
electricity  may  be  introduced  into  the  fubflance  of  the  well. 

914.  ^The  eie 51  rie  fire  can  be  condenfated  or  dilated  on  alternate 
furfaces ,  or  firata ,  of  infulating  bodies ,  provided  at  the  fame  time  it  is 
condenfated  or  dilated  on  the  other  alternate  furfaces.  This  fecond 
truth,  is  the  fame  as  the  Franklinian  principle  concerning  charges 
of  fheets  of  glafles,  or  infulating  firata  of  any  kind.  Fire  can  be 
condenfated  on  the  internal  furfaces  of  a  feries  of  bottles,  A  B,  C  D, 
when  the  hooks  of  every  one  communicate  with  the  coating  of  that 
which  fiands  next  ;  fo  that  the  fire  may  be  dilated  at  the  fame  time 
on  all  their  external  furfaces^  The  fame  we  have  feen  to  take 
place,  with  regard  to  firata  of  infulating  fubflances  :  for  infiance, 
from  the  interior  furface  of  the  well,  a  certain  quantity  of  fire  may 
be  driven  away,,  and  condenfated  in  the  air  contiguous  to  it,  pro¬ 
vided  an  adequate  portion  may  be  likewife  driven  from  that  furface 
of  air,  which  is  contiguous  to  what  we  called  the  foul  of  the 
well. . 

915  .  III..  IV i thin  the  fubflance  of  deferent  bodies ,  the  electric  fire  ' 
c-annot  be  either  dilated ,  or  condenfated ,  in  any  permanent  manner. 
This  third  truth  is  manifefi  from  the  experiment  forme; ly  related,. 

*  We  are  not:  to  objeft  againft  the  principles  laid  down  above,  that  when  a  glafs 
plate  is  rubbed  on  both  its  furfaces  jointly,  there  refolts  on  both  tbefe  furfaces,  homo¬ 
logous  eledricities,  and  that  the  fame  takes  place  on  a  filk  ribbon.  The  a£t  of  rubbing 
either  lelfens  or  increafes  the  capacity  of  the  rubbed  body,  as  I  have  {hewn  at  the  end 
of  the  chap.  III.  It  is  not  therefore  furprifing,  that  both  furfaces  in  fuch  cafe,  fhould 
either  give,  or  receive  fire  ;  but  as  foon  as  both  recover  their  natiral  capacity,  they  im¬ 
mediately  endeavour  either  to  throw  out  fire,  or  dravy  the  fame,  till  they  have  recovered 
their  former  natural  quantity  :  from  all  this  refults  the  intenfe  atnaofpheres  that  take  place 
3tound  infulating  bodies,  when  rubbed* 
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of  the  electric  well  :  the  bucket  when  extra&ed  from  the  bottom 
of  it,  brought  no  electricity  along  with  iti  now,  if  any  electricity 
had  been  condenfated  within  this  bottom,  the  bucket  would  have 
manifefted  fome  fign  of  it  ;  but  to  fay  it  once  more,  eleCtric  fire 
can  never  be  condenfated  without  a  correfpondent  dilatation  of  the 
lame.  Hence,  the  inalterability  of  the  natural  quantity  of  eleCtric 
fire  in  deferent  bodies,  which  at  firft  appeared  to  us  to  be  a  kind 
of  inexplicable  myftery,  is  found  to  be  a  confequence  of  an  uni- 
verlal  propriety  of  this  fire,  viz.  of  refilling,  in  any  medium  or 
body  whatever,  to  be  either  compreffed  or  dilated  ;  unlefs  it  be  in 
certain  particular  cafes,  when  alternate  condenfations  and  dilata¬ 
tions  of  it  take  place  in  the  fame  directions  :  which  alterations 
cannot  take  place  in  deferent  bodies,  in  confequence  of  their  very 
deferency 

916.  IV.  Over  the  furface  of  deferent  bodies,  eleCtric  fire  may 
be  permanently  condenfated  or  dilated  ;  but  this  is  only  when  a 
correfpondent  quality  of  natural fire  may  alternately  be  condenfated  or 
dilated  through  fuccejjìve  firata  of  the  air ,  contiguous  to  them. 
This  propofition  conftitutes  the  principles  on  which  the  theory 
of  eleCtric  atmofpheres,  explained  in  SeCtion  III.  is  grounded, 
and  is  a  confequence  of  the  experiments  on  the  eleCtric  well, 
which  I  have  juft  quoted.  On  the  furface  of  the  body  E  (PI.  VIII. 
fig.  I)  fire  may  be  permanently  condenfated  on  the  concavity  of 
the  fucceffive  ftrata  of  contiguous  air,  correfpondently  to  the  fire 
that  may  be  dilated  on  the  convexity  of  the  fame,  &c. 


*  I  confine  this  propofition  to  the  cafe  of  permanent  condenfations,  arifing  from  the 
contrary  aCtions  of  fimple  atmofpheres  ;  though,  in  the  cafe  of  a  fpark  that  runs  into 
the  fubftance  of  a  deferent  body,  or  out  of  it,  there  is  alfo  a  kind  of  tranfient  conden¬ 
sation  of  the  fire  ;  which  is  manifefl  from  the  efteCts  produced  by  fuch  fparks  :  but 
then  thefe  condenfations  proceed  from  forces  that  all  confpire  to  produce  them  in  a 
certain  foie  direction  ;  befides,  thefe  condenfations  do  not  take  place  within  the  deferent 
fubftance,  otherwife  than  correfpondently  to  the  alternate  condenfations  and  dilatations 
which  they  may  create  in  the  natural  fire  of  the  ambient  air,  againft  both  the  air  that 
furrounds  the  wire,  and  that  which  is  contiguous  to  the  ground  :  whence  it  happens, 
that  thofe  who  are  diftant  even  fifty  paces  from  the  place  which  is  ftruck,  feel  a  great 
ihock,  elpecially  in  their  legs;  this  I  propofe  to  treat  more  minutely  in  another  book 
in  which  I  (hall  deduce  from  obfervation,  the  more  exaCt  and  precife  precautions  that 
are  to  be  ufed  for  conducting  lightning. 
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•917.  V.  The  natural fire  of  the  air  which  is  fituated  in  the  middle 
■  between  two  bodies  Jimilarly  electrified ,  cannot  be  alternately  condenfated 
•or  dilated ,  but  in  oblique  directions  outwards ,  as  I  have  explained  when 
treating  of  the  electricity  which  is  exerted  from  the  upper  cavity  of 
the  well, 

918.  VI.  It  therefore  follows,  that  neither  the  excefs  nor  deficiency 
of  two  bodies  electrified  alike ,  can  be  accumulated  on  the  internal furf  aces  * 
of  thefe  bodies ,  but  are  compelled  to  flow  to  the  external  Jurf aces  of  the 
fame.  If  two  bodies,  E  and  e  (PL  VIII.  fig.  5.)  are  electrified  by 
excefs,  this  excefs  will  endeavour,  from  oppofite  parts,  to  com- 
prefs  the  natural  fire  of  the  air  lying  between  them  ;  which  will 
prevent  an  alternate  fuccefiion  of  dilatations  and  condenlations 
from  taking  place  :  now,  as  fire  cannot  be  condenfated  on  the 
furface  of  bodies,  bnt  as  far  as  there  is  a  poflibility  for  the  above 
alternate  fuccefiion  of  dilatations  and  condenlations,  the  confe- 
quence  will  be  that  on  the  internal  furfaces  of  bodies,  no  fire  can 
be  accumulated,  but  will  be  compelled  to  condenfate  itfelf  on  their 
external  furfaces,  that  is,  on  thofe  places  where  the  condenfating 
forces  do  not  counteract  each  other.  It  may  be  proved  after  the 
fame  manner,  that  on  the  internal  furfaces  of  bodies  no  dilatation 
of  the  natural  fire  can  take  place,  and  can  only  arife  on  their 
external  furfaces. 

919.  VII.  The  excefs  and  the  deficiency  of  two  bodies  cant  rarity 
electrified ,  tnuft  be  accumulated  oil  their  internal furfaces .  Becaufe 
there  the  excefs  in  E,  and  the  deficiency  in  D  (PI.  VIII.  fig.  7) 
-endeavour,  in  the  fame  direction,  to  produce  alternate  condenfations 
and  dilatations  of  the  fire  in  the  air  between  thefe  bodies;  that  is, 
the  excefs  in  E,  as  it  accumulates  itfelf  againfi:  the  air  internally 
contiguous  to  it,  endeavours  to  drive  the  natural  fire  from  the  air 
contiguous  to  D  ;  and  reciprocally,  the  dilatation  of  the  fire  in  the  air 
internally  contiguous  to  D,  endeavours  to  draw  the  accumulating  fire 
from  the  body  E,  againfi;  the  air  internally  contiguous  to  the  lame  : 
now,  as  no  fuch  co-operating  aClions  as  thefe  take  place  externally, 
both  the  excefs  in  E,  and  the  deficiency  in  D,  will  be  accumulated 

*  By  the  word  internal  furfaces,  the  autber  means  thofe  which  face  each  other. 
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on  their  internal  furfaces.  To  exprefs  the  fame  effects  otherwife, 
I  might  fay,  the  excefs  in  E  is  a  force  that  internally  drives  the 
fire  remaining  in  D  ;  and  the  deficiency  in  D  is  like  a  lupport  that 
is  taken  from  the  excefs  in  E. 

920.  From  all  the  propofitions  above,  the  following  fimple. 
principle  is  to  be  deduced:  all  motions  of  eleBric  bodies  are  effected 

from  the  places  of  the  great  eft  reaBions  of  their  atmofpheresi  to  thofe 
where  fuch  reaBions  are  leaft ,  and fuch  motions  are  befdes  proportioned 
to  the  differences  ofthefe  reaBions  ;  or  in  other  words,  all  eleBric  motions 
arife from  places  in  which  the  alternate  condenfations  and  dilatations  of 
the  eleBric  fire  cannot  be  effeBed ,  or  are  effeBed  with  a  great  difficulty r 
to  thofe  where  they  can  be  effeBed  with  greater  eafe . 

921.  With  regard  to  bodies  pofitively  eledrified,  the  cafe  is 
manifefti  they  reciprocally  recede  from  each  other:  that  is,  they 
move  from  the  middle  or  internal  fpace  between  them,  in  which 
the  alternate  condenfations  and  dilatations  on  the  one  furface,  can¬ 
not  correfpond  to  thofe  that  arife  on  the  other,  and  where  confe- 
quently  the  exceflive  fire  is  reciprocally  repelled  from  thefe  internal 
furfaces,  and  move  towards  oppolite  external  parts  of  the  ambient 
air,  where  they  can  eafily  affed  alternate  dilatations  and  condenfa¬ 
tions,  and  where  exceffes  of  fire  can  be  accumulated  againft  the 
contiguous  air  :  that  is,  from  the  place  where  the  readion  is 
greateft,  they  move  towards  the  place  where  it  is  leafL 

922.  The  fame  is  alfo  manifeh  with  regard  to  bodies  negatively 
electrified.  From  the  middle  interval,  in  which  alternate  conden¬ 
fations  and  dilatations  cannot  arife  in  confequence  of  the  dilatation 
that  takes  place  on  both  the  internal  furfaces  of  fuch  bodies,  and 
where  therefore  the  remaining  natural  fire  is  reciprocally  attraded 
to  thefe  internal  furfaces,  the  bodies  move  towards  oppolite  exter¬ 
nal  parts  of  the  air,  where  they  can  efifed  alternate  dilatations  and 
condenfations,  and  where  confequently  deficiencies  of  fire  can  ber 
accumulated,  correfpondently  to  the  fire  that  may  be  relaxed 
towards  the  external  furfaces  of  the  contiguous  air. 

923.  With  regard  to  bodies  contrarily  eledrified,  that  which 
is  pofitively  eledrified  moves  towards  that  which  is  negatively 
eledrified,  where  a  deficiency  favours  thofe  alternate  condenfations 

and 
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and  dilatations  which  the  former  endeavours  to  introduce  into  the 
natural  fire  of  the  contiguous  air  :  and  reciprocally,  the  body 
negatively  electrified,  moves  towards  that  which  is  pofitively  elec¬ 
trified,  where  an  excefs  favours  the  alternate  dilatations  and  con- 
denfations  which  the  former  endeavours  to  introduce  into  the 
natural  fire  of  the  contiguous  air. 

924.  And  thus,  fince  the  production  of  alternate  condenfations 
and  dilatations,  always  depends  on  the  fiate  of  the  two  bodies,  it 
follows,  that  approaches  and  recejjions  of  electrified  bodies  are  al¬ 
ways  reciprocal. 

925.  In  the  fourth  place,  if  a  body  E  (PI.  VIII.  fig.  3.)  be  po¬ 
fitively  electrified,  and  the  body  N  be  not  electrified  at  all,  the 
alternate  condenfations  and  dilatations  will  be  equally  on  all  fides 
around  the  body  E;  becaufe  the  excefiive  tenfion  which  will 
be  introduced  by  the  excefs  in  E  into  the  air  externally  contiguous 
to  the  body  N,  will  be  equivalent  to  the  excefiive  tenfion  which 
the  excefs  in  E  introduces  elfewhere  into  the  air  internally  con¬ 
tiguous  to  the  fame  body  N  j  which  according  to  the  hypothefis, 
retains  its  whole  natural  quantity  of  fire,  and  no  more  ;  therefore 
this  body  N  will  be  balanced  between  excefiive  tenfions  that  will 
be  equal  on  all  fides.  The  body  E  will  be  likewife  balanced  be¬ 
tween  excefiive  equal  tenfions,  viz.  between  the  tenfion  which  the 
excefs  of  E  introduces  into  the  air  in  the  middle,  and  the  reaction 
of  the  equal  tenfion  which  the  whole  fire  of  N  will  introduce  into 
the  fire  of  the  external  air  -f*. 

926.  In  the  fame  manner,  two  bodies,  the  one  D  negatively 
electrified,  and  the  other  N,  not  electrified,  (PI.  VIII.  fig.  4.)  will 
both  remain  balanced  in  the  fire  of  the  air  around  them,  which 
is  every  where  equally  relaxed  :  the  reafon  is,  becaufe  the  relaxa- 

f  Univerfally,  the  reaction  which  arifes  from  the  fire  repelled  to  the  external  fur- 
face  of  a  body  N  is  lefs,  according  as  this  furface  is  ampler,  and  fpreads  a  tenfion  into 
ampler  (Irata  of  air  :  under  fuch  limitation  we  are  to  underftand  this  paragraph  and 
the  next.  The  more  the  external  furface  of  N  will  furpafs  the  internal  furface  of  it, 
the  lefs  the  reaction  againft  the  external  furface  will  be  \  and  the  more  imperfectly  the 
equilibrium  will  fubfift. 
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tion  of  the  fire  in  the  external  air,  relatively  to  N,  will  be  equiva¬ 
lent  to  the  relaxation  which,  from  the  deficiency  of  D,  will  arife,. 
in  fome  other  place,  in  the  fire  of  the  air  which  is  immediately  and 
fucceffively  contiguous  to  the  body  D  ;  and  the  relaxation  of  the 
fire  of  the  fame  external  air,  (fince  N  is  fuppofed  to  retain  its 
natural  quantity  of  fire)  will  be  equivalent  to  the  relaxation  of  the 
internal  air.. 

927.  Here  we  have  therefore,  if  I  do  not  miftake,  brought 
eleCtric  motions  to  an  unity,  together,  and  explained  the  efficient 
caufe  of  them,  without  having  recourfe  to  two  diftinCt  currents  of 
eleCtric  fire  $  a  fuppofition  not  only  fuperfluous,  but  totally  re¬ 
pugnant  to  the  evidence  of  faCts. 

928.  The  caufe  above  affigned  to  electrical  motions,  befides 
its  conformity  to  phenomena,  has  this  farther  advantage  to  recom¬ 
mend  it,  that  it  unites  and  proves  to  be  the  fame  with  the  ef¬ 
ficient  caufe  of  fparks.  The  reafon  why  the  fire  which  is 
redundant  in  a  fyftem  leaps,  condenfated  into  one  fpark,  towards 
another  fyftem  which  is  relatively  deficient,  is  nothing  more  than 
the  excels  of  reaction  which  the  fire  of  the  ambient  air  exercifes  in. 
fome  place  againft  the  fire  of  that  fyftem,  above  the  reaction  ex- 
ercifed  againft  the  fame  fire,  by  the  fire  of  the  air  between  the 
two  fyftems.  And  indeed  it  is  very  natural,  that  as  eleCtric- 
figns  are  fubjeCt  to  the  fame  laws,  they  ffiould  arife  from  the  fame, 
caufes. 

929.  Is  it  not  befides  this  fame  reaction  which,  by  being  in* 
fome  particular  place  increafed,  drives  the  fpark  into  a  given 
direction,  that  is  the  caufe  why,  in  the  inftant  this  fpark  takes 
place,  that  it  is  in  the  inftant  of  an  aCtual  diffufion  of  the  fire,  the- 
velocity  is  increafed  with  which  bodies  contrarily  electrified  move 
towards  each  other.  In  faCt,  if  the  mere  relaxation  of  the  natural, 
fire  in  the  air  between  two  bodies,  produces  their  mutual  ap¬ 
proaches  of fimple  prejjion,  thefe  fame  motions  muft  be  more  quickly 
performed  as  the  relaxation  increafes  in  confequence  of  the 
bodies  being  brought  nearer  to  each  other  :  this  motion  muft 
likewife  be  more  rapid  when  the  relaxation  of  the  natural  fire  in 
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die  air  between  the  two  bodies,  is  turned  into  an  adual  motion, 
when  the  remaining  refiftance  actually  yields  to  a  reaction  which 
is  fomewhere  elfe  fuperior,  and  when  the  electric  fire  relatively  re¬ 
dundant  around  a  fyftem,  drives  from  the  fubftance  of  it  an  equal 
portion  of  fire  into  the  fubftance  of  another  fyftem  which  is 
relatively  deficient.  Thefe  pofitions  are  entirely  confentaneous- 
to  the  univerfal  principle,  viz.  that  any  folid  body ,  or  fluid,  whatever , 
prefles  againfl  adjacent  flubft ance s  with  a  part  of  the  force  by  which  1 
it  is  actuated,  that  is  lefs  in  proportion  as  it  employs  a  greater  Jhare 
oj  this  force  in  its  own  affinal  motion  *. 

930.  If  the  principles  above  are  properly  applied,  they  may 
alfo  with  the  greateft  clearnefs  explain  other  more  complicated 
eledric  motions.  Certainly,  we  may  difpenfe  with  faying  any 
thing  about  eledric  ofcillations  ;  fince  they  are  formed  by  the- 
mutual'approaches  of  bodies -contrarily  eledlrified,  and  the  mutual 
receflion  of  the  fame,  when  become  fimilarly  eledrified  by  virtue* 
of  their  mutual  contads  ;  only,  fuch  vibrating  motions  ufually 
take  place  in  that  body  alone  which  is  placed  in  the  middle,  in 
confequence  of  the  immobility  of  thofe  placed  at  the  extremi¬ 
ties. 

931.  The  above  ofcillations  are  turned  into  mere  fufpenfons , 
when  the  body  finds  itfelf  in  the  middle  between  equal  adive 
parts  of  the  fame  current.  The  little  pendulum  fufpended  in 
dilated  air,  as  we  faw  before,  remains  fufpended  in  the  middle  of 
the  rare  continued  ray,  and  does  not  vibrate  through  ftiort  ofcilla¬ 
tions  but  in  the  inftant  when  the  current  by  which  this  ray  is* 
formed,  begins  or  ends,  and  confequently  prevails  on  either  fide 
of  the  pendulum.  In  the  fame  manner,  a  pendulum  of  a  con- 
fiderably  greater  weight  than  the  former,  remains  fufpended  in 
the  middle  of  the  fulgid,  continued,  and  loud  ftream  of  fire, 
which  fometimes  runs  between  the  two  bells  with  which  I 
explore  the  ftate  of  the  atmofpheric  eledricity  :  it  feems  that,  as 

*  The  words  of  the  original  are^the  following, — Che  un  corpo  0  fluido  qualunque,  0 
/elido-,  con  tanta  minore  porzione  della  forza  qualunque ,  da  che  fi  animato ,  preme  le  aggiacentì 
foflanze ,  quanto  è  maggiore  la  porzione  di  quella  forza,  che  impiega  nell ’  attuale  movimento  . 
fio.. 
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the  former  thin  ray  fupprefies  the  reaction  of  the  rare  remnant 
of  air  in  the  bell,  fo  the  denfe  Aream  of  fire  in  the  latter  cafe, 
alio  fupprefies  the  Arong  reaction  exercifed  againfi  the  heavy 
pendulum  by  the  denfe  atmofpheric  air. 

932.  The  manner  after  which  a  gold  leaf  remains  fufpended, 
feems  to  -confirm  the  above  explanation  :  it  feems  that  the  dif- 
tenfion  of  it  mud  be  imputed  to  an  excefs  of  the  readion  exercifed 
on  its  plain  furfaces,  above  that  exercifed  on  its  fides  and  angles, 
which  find  themfelves  in  the  middle  of  a  continued  fiream. 
Is  not  the  reaction  of  the  eledric  wind,  which  in  thofe  fhort 
inftants  when  it  prevails  over  the  eledric  readions  which  decreafe 
in  confequence  of  the  fire  that  adually  diffufes  itfelf  ;  is  not,  I  fay, 
this  readion  the  caufe  why  the  gold  leaf  thus  circumfianced  flips 
away  ? 

933.  But  in  the  motions  of  difipofition  or  dire 51 1072  of  bodies 
into  the  fire's  way,  I  think  I  flill  better  difcover  the  reality  of  the 
caufe  which  I  am  afligning  here.  When  I  fee  a  fufpended  drop 
of  water,  lengthen  itfelf  towards  the  water  that  is  prefented 
underneath  it  in  a  deferent  veflel,  and  mean  while  fee  the  latter 
rife  towards  the  drop  under  the  fhape  of  a  little  hill,  I  cannot 
help  thinking  but  that  the  fire  which  from  the  lower  part  of  the 
drop  diffufes  itfelf  into  the  water  and  thence  into  the  ground, 
does  not  exercife  the  fame  degree  of  adion  and  readion  on  both 
this  drop  and  the  water,  which  the  natural  fire  in  the  adjacent 
air  exercifes  in  the  fpace  around  that  fame  drop,  and  upon  the 
even  furface  of  the  water,  around  the  little  hill  raifed  above  it 
becaufe,  in  the  fame  manner  as  the  natural  fire  in  the  air  con¬ 
tiguous  to  a  body,  fuffices  to  drive  the  natural  fire  out  of  that 
part  of  it  which  is  immerfed,  for  infiance,  in  the  atmofphere  of 
the  Machine,  fo  I  think  that  the  natural  fire  of  the  air  contiguous 
to  the  metallic  leaf,  fuffices  to  render  its  furfaces  even,  and  dif- 
tended,  in  confequence  of  the  lefs  readion  exercifed  on  its  points, 
through  w'hich  the  fire  adually  flows.  And  thus  alfo  I  think 
that  the  natural  fire  of  the  air  contiguous  to  the  water,  fuffices 
to  raife  it  towards  that  place  where  the  fire  adually  flows,  and 
of  courfe  exercifes  a  lefs  readion. 
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9 34.  Again,  when  I  fee  particles  of  bran  rife  from  a  metallic 
bafon,  and  unite  together  into  rows  or  firings,  and  the  latter  re¬ 
main  fufpended  between  the  conductor  and  the  bafon,  in  order  to 
conduct  the  fubtle  continued  dream  of  fire,  I  think  that  this 
obtains,  becaufe  the  particles  of  bran,  in  the  place  of  their  mutual 
contact,  where  the  fire  freely  flows,  meet  with  a  lefs  reaction 
than  in  any  other  place  externally,  where  the  natural  fire  being 
affixed  to  the  air,  exercifes  a  confiderable  reaction  ;  or  even  in 
any  other  place  internally,  where,  for  inftance  on  the  bafon  or 
the  conductor,  the  fire  is  more  difFufed  and  divided. 

935.  The  transformation  of  mutual  approaches  into  mutual 
receffions,  confirms  this  idea  to  me.  Since  this  transformation 
takes  place  when  the  eledric  fire,  which,  in  order  freely  to  pafs 
from  a  body  into  another  makes  both  move  to  each  other,  is  at 
laft  retarded,  and  obliged  to  accumulate  itfelf  fo  as  to  have  its 
reaction  much  increafed,  it  is  natural  that  when  the  dream  of  fire  is 
increafed  beyond  the  quantity  which  the  particles  of  bran  are 
capable  of  concluding,  the  firings  made  of  fuch  particles  fhould 
break,  and  thefe  particles  feparate. 

936.  Conformably  to  the  fame  principle,  mutual  approaches 
are  likewife  transformed  into  mutual  receffions,  when  the  traver- 
fing  electric  fire  excites  either  in  the  bodies,  or  in  the  medium 
around  them,  fuch  alteration  as  may  caufe  the  adion  arifing  from 
it,  tofurpafs  the  decreafing  readion  which  refults  from  the  paflage 
of  the  fire:  as  for  infiance,  when  fpark  a  drives  moifiure  into 
vapours  intenfely  repulfive,  or  deftroys  that  part  of  the  body  out 
of  which  it  rufhes,  or  into  which  it  runs,  andfometimes  drives  it 
into  vapour  :  in  both  thefe  cales  it  explodes  the  bodies  towards  • 
oppofite  parts. 

937.  And  laftly,  the  experiment  of  the  aereo  vaformis  elec¬ 
tricity,,  which  has  been  lately  defcribed,  alfo  confirms  the  theory 
of  the  readion  of  eledric  atmofpheres,  and  their  efficiency  in 
producing  eledric  motions.  In  fad,  all  the  experiments  that  I! 
have  related  with  regard  to  vaporous  air  pofitively  eledrified,. 
equally  fucceed  when  air  is  negatively  eledrified.  And  as  the 
natural, fire  of  bodies  is  balanced  by  tiie  natural  fire  in  the  3ir, , 
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ib  the  natural  fire,  whether  increafed  or  diminilhed  in  vaporous 
air,  is  balanced  by  the  natural  fire  of  thofe  fame  bodies,  which  is 
likewife  encrealed  or  diminifiied.  As  the  exceffive  fire  of  bodies 
is  accumulated  on  their  furfaces,  and  creates  a  particular  tenfion 
in  the  natural  fire  of  the  air  over  it,  when  unmixed,  fo  the 
natural  fire  of  bodies  accumulates  itfelf  on  their  furfaces,  againfi: 
the  d  iminifhed  and  relaxed  fire  of  vaporous  air.  As  the  natural 
fire  of  unmixed  air  exerts  itfelf  againfi;  the  fire  that  is  relaxed  on 
the  furface  of  bodies,  and  drives  it  away,  fo  the  fire  increafed  in 
vaporous  air  drives  the  natural  fire  from  the  furface  of  bodies, 
&c.  Here  follow  a  few  differences  between  the  above  two  cafes. 
I.  The  unbalancement  between  the  fire  of  bodies,  and  that  of 
unmixed  air,  arifes  only  from  an  alteration  in  the  quantity  of  the 
natural  fire  of  thefe  bodies  ;  but  the  unbalancement  between  the 
natural  fire  of  bodies,  and  the  fire  of  vaporous  air,  may  arife  from 
an  unequality  in  the  alteration  of  the  quantity  of  fire  in  the 
vaporous  air,  and  in  thofe  bodies.  II.  The  latter  unbalancement  is 
©f  lefs  duration  than  the  former,  in  proportion  as  the  unbalanced 
fire  may  more  eafily  diffufe  itfelf  through  the  vaporous  air,  than 
through  unmixed  air. 

938.  If  I  could  flatter  myfelf  that  I  have.fatisfadorily  explained 
all  the  above  phenomena,  I  would  venture  to  exprefs  my  fatis- 
fadion,  by  concluding  this  chapter  with  the  experiment  of  an 
eledriq  dance,  which  occurred  to  me  a  few  years  ago.  At  all 
events,  I  will  fubjoin  the  experiment  here  ;  I  fufpend  two  long 
very  fine  flaxen  threads,  to  the  lower  furface  of  the  condudor: 
I  wet  them  and  keep  them  feparated  from  each  other,  till  the 
eledricity  is  grown  fomewhat  intenfe  ;  then  leaving  both  at 
liberty  they  begin  to  dance,  incefiantly  vibrating  their  extremities, 
and  continue  twilling  and  untwifting  each  other,  in  contrary  direc¬ 
tions,  alternately  :  that  is  to  fay,  from  the  interval  between  them, 
they  throw  their  extremities  outwards,  and.throw  a  moifi:  effluvium 
equally  eledrified  with  themfelves,  into  the  ambient  fpace  ;  and 
as  their  eledricity  is  thus  diffufed  within  a  certain  plane,  they 
are  repelled  in  fome  other  plane  which  has  received  no  fuch 
eledricity. 
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Second  part  of  the  Sixth  Se&ion..— -  On  the  ele&ric 
motions  of  infulating  bodies,  and  on  the  vindicating 
ele&ricity. 

CHAP.  L 

On  the  elelilric  motions ,  and  the  vindicating  electricity  of  infulating 
bodies  of  a  rare  texture^  confequently  incapable  of  a  charge . 

939.  J'T"'  H  E  laws  concerning  the  electric  motions  of  deferent 
bodies,  are  alfo  applicable  to  infulating  bodies.  1. 
Two  infulating  bodies  fimilarly  electrified,  move  from  each  otheu. 
II.  Two  infulating  bodies  contrarily  electrified  move  towards  each 
other.  III.  Between  an  infulating  body  that  is  electrified,  and 
another  which  is  not,  no  motion  takes  place. 

940.  The  fame  law  takes  place  likewife  between  a  deferent, 
and  an  infulating  body.  I.  An  infulating  body,  and  a  deferent 
body,  fimilarly  electrified,  move  from  each  other.  II.  An  in¬ 
fulating  body,  and  a  deferent  body,  contrarily  electrified,  move 
to  each  other.  III.  And  if  of  two  bodies,  the  one  infulating,  the 
other  deferent,  the  one  be  electrified,  the  other  not,  and  no  dif- 
fufion  of  eleClricity  can  take  place  between  them,  no  motion  will 
arile  between  them. 

941.  But  here  we  rnufl  obferve  two  very  remarkable  differences. 
I.  Two  infulating  bodies,  or  an  infulating  and  a  deferent  body, 
contrarily  ele&rified,  afterjoining  together  remain  ffrongly  united  ; 
in  which  they  differ  from  deferent  bodies,  which  having  in  their 
mutual  contaCl  equalized  their  refpeCtive  quantities  of  fire,  repel 
each  other  in  proportion  to  the  fire  that  remains  in  both  or 
part  without  (Lowing  any  farther  eleClric  fign,  if  their  excefs  and 
deficiency,  being  at  firff  equal,  have  reciprocally  annihilated  each 
e>ther.  II.  After  an  infulating  body  has  joined  with  another  infu- 
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lating  body,  or  with  a  deferent  body,  and  they  have  loft  their 
contrary  eleClricities  (fo  far  as  thefe  were  equal)  the  infulating 
body,  as  foon  as  it  is  taken  from  the  other,  recovers  its  former 
electricity  :  to  this  property  I  have  reduced  the  many  various 
phenomena  which  have  been  obferved,  partly  by  others,  and 
partly  by  me,  with  experiments  on  feveral  kinds  of  infulating 
bodies.  It  is  this  property  which  I  have  expreffed  by  the  words, 
vindicating  eledtricity. 

942.  I  think  I  have  been  the  firft  (as  Dr.  Prieftly  obferved  in 
p.  271  of  his  hiftory)  who  gave  inftances  of  the  motions  of  in- 
Julating  bodies,  of  their  mutual  adhefion,  and  of  their  vindicating 
electricity.  The  inftance  which  I  produced  in  the  196  p.  of 
Natur .  Elec.  I  had  been  fupplied  with  by  Signor  Alexandra 
Vaudania,  whom  I  had  defired  accurately  to  obferve  the  eleCtric 
phenomena  or  accidents,  which  happened  to  him  when  he  un- 
dreffed  himfelf ;  and  who,  in  confequence,  lent  to  me  the  follow¬ 
ing  account.  “  Since  the  cold  is  grown  fharper,  that  is,  for  thefe 
ten  or  twelve  days  paft,  1  have  put  on,  between  my  two  linen 
ftiirts,  a  flair t  or  under-garment  of  beaver.  Every  night,  when 
I  take  off  my  upper  flair t,  which  I  change  every  day,  I  perceive 
that  it  has  a  kind  of  adhefion  with  the  beaver  garment  -,  and  when 
I  feparate  them  I  hear  a  number  of  cracks,  produced  by  fparks  ; 
thefe,  when  obferved  in  the  dark,  do  not  differ  from  thofe  which 
take  place  in  eleCtric  experiments.  When  I  afterwards  take  off 
the  beaver  under  garment,  I  feel  it  flicks  flill  more  to  my  under 
ftiirt  :  after  forcibly  feparatirfg  them,  I  perceive  that  the  lower 
edge  of  the  beaver  continues  to  adhere  to  the  fhirt,  and  draws  it 
off  from  my  body  :  having  entirely  feparated  it  from  the  fhirt, 
the  latter  flies  to  my  body  ;  I  then  approach  again  the  beaver, 
and  the  lhirt  flies  to  join  it  again  ;  I  feparate  them,  and  the  fhirt 
flies  to  my  body.”  In  thefe  faCts  we  manifeftly  fee  the  infulating 
beaver  adhere  to  the  linen  finir t  and  lofe  its  ele&ricity,  and  then, 
by  virtue  of  a  forcible  feparation  from  it,  recover  it  ;  whence  it  is 
afrefh  enabled  to  join  with  the  fhirt,  to  draw  it  off,  «See. 

943.  Signor  Symmer  afterwards  promoted  much  the  fame 
kind  of  experiments,  being  led  into  it  by  the  fparks  which  he 
heard  and  faw,  when  drawing  his  filk  ftockings  at  night.  After 
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many  trials  he  found  that  the  eledtric  phenomena  became  parti¬ 
cularly  intenfe  when  he  put  on  a  white  filk  flocking,  and  upon 
this  another  of  black  filk  :  he  obferved  that  as  long  as  thefe  were 
upon  his  leg,  they  gave,  though  rubbed  ever  fo  firongly/" 
but  very  weak  figns  of  electricity  :  when  they  were  drawn  off 
together,  they  hardly  gave  any;  but  when  he  afterwards  drew  the 
white  flocking  from  the  black  one,  moft  vivid  figns  of  eledlricity 
arofe,  by  excefs  in  the  white  flocking,  by  deficiency  in  the  black 
one.  Being  kept  at  fome  confiderable  diftance  from  each  other, 
they  remained  both  fwelled  as  if  his  leg  had  been  flill  within 
them  :  bringing  them  nearer  to  each  other,  the  fwelling  was 
gradually  diminifhed,  their  mutual  attraction  encreafed,  and  they 
at  laft  precipitated  themfelves  towards  each  other  with  an  amazing 
violence,  and  clofely  united  :  being  again  disjoined,  they  exhibited 
the  fame  figns  of  eledlricity,  the  fame  phenomena.  When  the 
/lockings  were  kept  feparated,  they  quickly  loft  their  eledlricity, 
as  does  a  rubbed  tube  ;  but  when  they  were  left  joined,  they 
preferved  it  for  two  hours,  or  even  more.  Nor  was  it  pofiible, 
when  they  were  in  fuch  a  fiate  to  give  them,  or  to  draw  from 
them,  any  eledtric  fire,  not  even  with  the  fharpeft  point  :  their 
union  at  the  fame  time  was  fo  firong,  that  a  weight  of  feventeen 
ounces  fufpended  to  one  of  them  could  not  feparate  them  :  nay, 
when  the  black  flocking  was  frefii  from  the  dying,  and  the  white 
one  recently  whitened  with  fmoke  of  brimfione,  they  refified  to  a 
weight  of  three  pounds  three  ounces,  &c.  When,  to  two /lockings 
thus  flicking  to  each  other,  the  fame  gentleman  prefented  two 
others  more  firongly  electrified,  viz.  a  black  one  to  the  white  one, 
and  a  white  one  to  the  black  one,  the  former  immediately  parted 
and  united  with  the  latter.  When  the  /lockings  thus  prefented 
were  eledtrified  in  a  lefs  degree  than  the  former,  the  former 
remained  united,  their  adhefion  was  only  weakened  by  the  pre¬ 
fence  of  the  latter,  and  they  all  weakly  united  together  into  one 
mafs.  The  fame  Signor  Symmer  alfo  obferved,  that  not  only 
electrified  /lockings  united  together,  but  alfo  remained  fufpended 
to  deferent  bodies. 

944.  The  Abbé  Nollct  in  the  third  volume  of  his  Letters,  has 
made  leverai  obfervations  on  the  experiments  of  Signor  Symmer» 
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he  rubbed  dockings  flretched  on  a  deferent  plane,  and  af¬ 
terwards  transferred  the  experiments  from  (lockings  to  ribbons, 
which  he  electrified  after  feveral  different  manners.  Signor 
Cigna,  phyfician,  in  the  third  volume  of  the  Royal  Society  of 
Turin,  has  carried  farther  the  experiments  of  Signor  Symmer, 
and  of  the  Abbé  Nollet,  with  filk  ribbons,  of  which  he  combined 
the  number  and  colour  after  different  manners  :  he  befides  rubbed 
them  on  planes  inflated,  deferent,  fmooth,  rough,  hairy,  &c. 

945.  In  order  to  treat  this  very  complicated  matter  with  as 
much  clearnefs  as  poffible,  I  think  we  muft  begin  with  obferving 
what  kind  of  eledncity  is  introduced  into  a  given  inflating  body 
of  a  rare  texture,  in  confequence  of  a  fridion  made  againfl  it, 
when  fufpended  in  the  air,  by  another  given  body.  With  regard 
to  this  I  have  obferved,  I.  That  by  keeping  a  ribbon  (fetched  in 
the  air,  and  rubbing  a  fide  of  it  with  a  given  body,  there  arifes  in 
it  a  weaker  eledricity,  than  if  both  its  fides  were  rubbed  at  once. 
II.  When  the  ribbon  thus  fufpended  was  rubbed  on  both  its  fides 
at  once  with  different  bodies,  the  one  of  which  was  apt  to  create 
an  eledricity  by  excefs,  the  other  an  eledricity  by  deficiency,  there 
refulted  in  it  an  eledricity  proportioned  to  the  difference  between 
the  intenfities  of  the  contrary  eledricities  that  would  have  refulted 
from  feparately  rubbing  the  two  fides  of  the  ribbon,  firft  with  the 
one  of  the  two  above  bodies,  and  then  with  the  other. 

946.  I  have  afterwards  found  that  if  an  inflating  body  A? 
of  a  rare  texture,  be  flretched  on  a  plain  body  B,  and  be  rubbed 
upon  it  with  another  body  C,  the  eledricity  that  rifes  in  A,  is 
proportioned  to  the  fum  of  the  fimilar  eledricities,  or  to  the 
difference  of  the  contrary  eledricities,  which  are  introduced  by  the 
fridion  of  C,  and  the  counterfriftion  of  B.  That  is  to  fay,  I 
fuppofe  that  the  body  A  which  is  rubbed,  has  its  parts  fo  flexible 
that  the  body  C,  by  moving  along  the  one.  furface  of  the  faid  body, 
and  all  the  way  preffing  upon  it,  communicates  a  nearly  equal 
motion  to  the  other  furface  of  it  which  is  (fetched  on  the  plane  B  : 
from  this  preffing  progreffi on  of  A  on  B,  arifes  what  I  called  the 
counter]  rift  ion  of  B  againfl  A  ;  this  moveablenefs  or  flexibility,  I 
have  found  to  take  place,  not  only  in  (lockings,  but  alfo  in  feveral 
compad  kinds  of  filk  fluffs,  for  inflance  in  fattin.  Therefore,  if 
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with  ivory,  with  iron,  with  brafs,  with  copper,  I  rub  a  white 
ribbon  on  a  plane  made  of  any  one  of  thofe  fame  bodies,  as  they  all 
draw  fire  from  the  ribbon,  the  latter  will  become  negatively 
electrified.  Likewife,  if  I  dretch  the  fame  white  ribbon  on  a 
board  of  walnut-tree,  of  beech-tree,  or  on  a  black  filk  docking, 
and  rub  itwith  a  piece  of  any  one  of  thefe  bodies,  as  they  all  give  fire 
to  the  black  ribbon  when  fufpended  in  the  air,  the  latter  will 
become  pofitively  electrified.  If  with  one  of  fuch  bodies  as  give 
fire,  I  rubb  the  ribbon  on  one  of  fuch  bodies  as  receive  it,  then  no 
electricity  takes  place,  or  at  lead  a  very  weak  one,  the  nature  of 
which  is  very  often  uncertain  ;  a  circumdance  which  in  leverai 
experiments  has  perplexed  me  :  but  at  lad  this  electricity  prevails 
which  is  mod  active  ;  and  this  activity  may  be  either  increafed  or 
diminifhed  by  feveral  accidents.  Here  follows  an  indance  of  it  : 
a  little  blade  of  gold  always  electrifies  by  excefs  a  white  ribbon 
dretched  in  air,  either  when  the  friction  is  made  with  the  plain 
furface  of  the  blade,  or  when  it  is  made  with  the  angular  fide 
of  it  *.  Likewife,  if  I  dretch  a  white  ribbon  on  a  plate  of 
glafs,  and  rub  it  there  with  the  plain  furface  of  the  blade,  fo  that 
thence  arifes  no  counterfriction  from  the  glafs,  or  at  lead  a 
very  fmall  one,  the  ribbon  alfo  acquires  a  fmall  electricity  by 
excefs  :  but  if  I  rub  the  ribbon  with  the  angular  fide  of  the 
blade,  fo  that  by  inferting  itfelf,  as  it  were,  into  the  furrows  of 
the  ribbon,  it  thus  produces  a  drong  counterfriction  from  the 
glafs,  there  arifes  in  the  ribbon  a  negative  electricity,  pro¬ 
portioned  to  the  excefs  of  force  which  the  glafs  has  of  drawing 
off  the  fire  of  the  ribbon,  above  the  force  which  the  gold  has  of 
fupplying  the  fame. 

947.  To  the  preceding  rule  which  is  laid  down  with  regard  to  a 
body  rubbed  when  dretched  on  a  plane,  this  other  is  entirely  con¬ 
formable,  which  has  for  its  object  the  electricity  that  refults 
within  two  dexible  fubdances,  placed  together  upon  a  plane.  If, 

*  I  have  reprefented  in  the  fig.  10.  of  the  PI.  X.  the  inflrtiments  which  I  ufe 
for  rubbing  ribbons  ;  they  confili  of  a  wooden  handle,  and  of  a  blade  of  iron  or  of 
fieel,  when  I  mean  fo  rub  with  iron,  or  with  fteel  :  but  this  fame  blade  is  lined  un¬ 
derneath  with  a  thin  plate  of  gold,  or  of  filver,  &c.  when  I  propofe  to  rub  with 
either  of  thefe  metals. 
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for  indance,  two  white  ribbons  are  placed  on  each  other,  then 
flretched  on  an  infuiating  plane,  and  the  upper  one  is  rubbed  with 
any  body  whatever,  it  will  be  found  that  when  the  two  ribbons 
are,  after  thefpi&ion,  taken  from  the  plane,  either  jointly,  or  the  one 
after  the  other,  they  will  repel  each  other,  and  manifefi  homo¬ 
geneous  electricities,  which  will  be  either  pofitive  or  negative, 
according  as  both  the  rubbing  body,  and  the  contra-rubbing  plane 
are  apt  to  give,  or  to  draw  off,  fire  j  or  they  attract  each  other, 
and  manifefi  contrary  electricities,  if  the  rubbing  body  is  apt  togive, 
and  the  counter -rubbing  plan  to  draw  off \  fire ,  and  vice  verfia  :  that 
is  to  fay,  the  upper  ribbon  in  all  cafes  manifefts  the  fame  electricity 
which  it  would  manifefi,  if,  being  alone  and  flretched  in  the  air, 
it  were  rubbed  by  the  above  body  j  and  the  under  ribbon  manifefts 
the  fame  eleClricity  it  would,  if,  being  alone  and  flretched  in  the 
air,  it  were  rubbed  by  the  counter-rubbing  plane.  Thus,  if  I 
flretch  two  white  ribbons  on  a  plate  of  glafs,  and  rub  them  there 
with  ivory,  with  iron,  with  copper,  with  brafs,  &c.  as  the  latter 
bodies  receive  in  this  cafe,  fire  from  the  ribbon  which  they  rub,  and 
the  counter-rubbing  glafs  alfo  draws  fire  from  the  other  ribbon, 
both  will  become  negatively  eleCtric  ;  but  if  I  flretch  the  two 
ribbons  on  a  plate  of  fealing  wax,  or  fulphur,  and  there  rub  them 
with  fealing  wax,  or  with  fulphur,  or  with  a  black  flocking,  they 
will  both  become  politively  eleClric.  Laflly,  if  the  ribbons  being 
flretched  upon  any  one  of  the  latter  bodies,  which  are  apt  to  give 
fire,  and  rubbed  with  any  one  of  the  former,  which  are  apt 
to  draw  fire,  or  {vice  verfia)  the  ribbons  will  manifefi  contrary 
'  electricities. 

948.  V.  If  the  plane  on  which  the  fimilar  ribbons  are  rubbed, 
bedeferent,  or  though  beingof  an  infuiating  nature,  does  not  actually 
completely  intuiate,  either  becaufe  it  is  not  polifhed  enough,  or 
becaule  the  ribbons  themfelves  are  imperfectly  dry,  then  the  law 
laid  down  in  the  preceding  paragraph,  is  proportionably  diflurbed. 
The  reafon  of  this  will  loon  be  underflood  if  we  confider  that 
any  eleClricity  endeavours  to  turn  an  homologous  one  into  a 
contrary  one,  if  the  latter  be  lets  intenfe,  and  is  enabled  to  difrufe 
itfelf  away  :  it  therefore  may  eafily  happen  that  the  elettrici ty  of 
the  upper  ribbon  will  turn  that  in  the  under  ribbon,  into  a 

contrary 
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contrary  one,  whenever  the  fire  in  this  under-ribbon  will  beable  freely 
to  diffufe  itfclf  through  the  plane.  To  this  cafe  may  be  reduced 
all  the  alterations  that  may  take  place  in  the  preceding  rule. 

949.  If  two  flexible  bodies  poflefs  different  eledric  properties  : 
if  the  one,  for  inftance,  be  a  white,  and  the  other  a  black  ribbon, 
then  the  eledricities  that  will  refult  in  them,  will  be  conformable 
to  the  electricity  which  the  rubbing  body  will  introduce  into 
the  upper  ribbon,  and  to  the  electricity  which  the  plane  will 
introduce  into  the  under-ribbon  j  and  befldes,  to  the  alterations 
that  filali  arile  in  thefe  eledricities,  from  the  reciprocal  fridiom 
between  the  two  internal  furfaces  of  the  ribbons. 

950.  By  means  of  the  precedent  rules,  I  flatter  myfelf  that  I 
have  clearly  exp  re  fled  the  laws  that  determine  the  nature  of  the 
eledricities  that  refult  from  fiidionsj  now  I  fliall  endeavour  to 
defcribe  the  manner  after  which  thefe  eledricities  take  place. 
Firfl,  I  fhall  prcpofe  two  cafes,  Ample  and  luminous,  which  fliew, 
how  immediately  after  a  fridion  that  has  been  performed  in  the 
air,  eledricities  refults  in  two  ribbons,  the  one  white,  the  other 
black.  I  fliall  afterwards  avail  myfelf  of  thefe  examples  in  order 
to  examine  the  eledricity  of  other  bodies  :  ribbons  rubbed  in  the 
air,  are  eledrified  in  a  fliort  fpace  of  time,  and  retain  for  a  lonp- 
while  the  eledricity  that  is  communicated  to  them. 

951.  I  therefore  hold  with  one  of  my  hands,  the  extremity 
of  a  ribbon  of  fine  white  filk,  three  lines  broad,  and  a  foot,  or  a 
foot  and  an  half  long.  I  embrace  both  its  furfaces  with  a  piece 
of  black  velvet,  very  dry,  or  even  warm,  (warmth  difpofes  bodies 
more  plentifully  to  give  their  eledric  fire),  and  prefling  the  ribbon 
within  the  velvet,  I  make  the  latter  move  along  the  former  ;  and 
after  a  fliort  while  the  ribbon  grows  llrongly  eledrified  in  a 
pofitive  manner:  another  perfon  mean  while  does  the  fame  with 
a  black  ribbon  wanned,  and  a  piece  of  white  velvet,  and  the  black 
ribbon  becomes  flrongly  negatively  eledrified. 

952.  Let  us  now  proceed  to  examine  the  manner  after  which 
the  eledricity  exerts  or  difplays  itfelf  from  rubbed  ribbons,  im¬ 
mediately  after  their  fridion  :  I  think  that  it  is  the  fame  as  that  in 
which  it  exerts  itfelf  from  the  plate  of  cryflal  formerly  mentioned, 
(PL  I.  fig.  io.)  I  think  that  the  rubbing  black  velvet  increafes  the  ca¬ 
pacity* 
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parity  of  the  white  ribbon,  and  thus  depofits  in  it  fuch  quantity  of 
fire,  as  the  fridtion  may  render  it  capable  of  receiving  :  but  when 
afterwards  the  friction  ceafes  on  a  given  part  of  this  white  ribbon, 
I  think  that  it  recovers  its  lefs  capacity,  and  that  as  the  fire  de- 
pofited  by  the  black  velvet  then  becomes  excejjlve ,  it  conftitutes 
an  abfolute  excefs  on  the  furfaces  of  the  ribbon  ;  whence 
refults  its  intenfe  atmofphere.  I  likewife  think,  that  in  the 
adì:  of  the  fridtion  performed  by  the  white  velvet  on  the  black 
ribbon,  the  latter  diminifhes  the  natural  capacity  of  the  former, 
and  the  black  ribbon  in  confequence  lofes  its  fire  ;  but  as  that 
part  of  it  which  gets  out  of  the  fridtion,  immediately  recoverG 
its  natural  greater  capacity,  there  refults  a  deficiency  on  both 
its  furfaces  ;  and  thence  arifes  its  intenfe  negative  electricity. 
Of  this  my  idea  I  have,  befides  its  analogy  with  other 
well  ascertained  fadts,  a  proof  from  immediate  experience. 
Another  perfon  and  I  hold  a  ribbon  ;  I  rubb  the  one  Surface  of  it 
with  any  body  whatever  ;  the  other  perfon  prefents  a  flaxen  thread 
to  the  other  Surface  ;  and  we  find  that  it  never  moves  towards  the 
place  that  correfponds  to  the  fridtion,  it  only  runs,  even  obliquely, 
to  the  place  where,  on  the  other  Surface,  the  fridtion  has  ceafed. 
This  evinces,  that  in  the  ribbon  as  well  as  in  the  cryflal  plate, 
the  eledtricity  only  begins  to  manifefi:  itfelf,  when  the  rubbed 
Surface  gets  out  of  the  fridtion. 

953.  And  now,  thefe  considerations  naturally  lead  us  to  propofe 
the  following  queftions.  I.  When  I  rub  a  ribbon  on  a  plane, 
and  when  after  the  fridtion,  the  former  adheres  to  the  latter,  does 
it  in  fuch  fiate  retain  its  eledtricity,  or  does  it  lofe  it,  and  only 
retain  a  difpofition  to  recover  it,  when  Separated  ?  II.  When  the 
v/hite  and  the  black  ribbon,  by  virtue  of  the  contrary  eledtricities 
which  they  have  contradted,  run  to  each  other,  or  when  either  of 
them  runs  to  join  with  the  table,  with  the  wall,  &c.  do  they,  in 
this  fiate  of  adhefion,  retain  their  adtual  eledtricities  ;  or  can  we 
fay  that  they  lofe  them,  and  only  preferve  a  difpofition  refpedtively 
to  recover  them  afterwards,  in  theadt  of  their  mutual  Separation  ? 

954.  The  opinion  has,  it  Seems,  generally  prevailed,  that 
infulating  bodies,  when  eledtrified  and  brought  to  the  fiate  of 
adhefion  jufi  mentioned,  preferve  their  adìual  .e  ledi  rie  i  ties  ;  and 
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it  was  the  more  natural  for  every  body  to  acquiefce  to  this 
opinion,  as  this  kind  of  adhefion  does  only  take  pi  ce  between 
two  infulating  bodies,  or  between  an  infulating  body  and  a  defe¬ 
rent  one,  when  fuch  infulating  bodies,  or  body,  are  actually  elec¬ 
trified,  and  as  the  continuation  of  this  adhelion  feems  to  evince  a 
continuation  of  the  eledlricities  ;  befides,  the  nature  of  the  electri¬ 
city  that  again  takes  place  after  the  feparation,  abfiraCted  from 
other  confiderations,  feems  to  prove  the  continuation  of  it,  in  the 
Hate  of  adhefion. 

955.  Yet,  in  the  firft  place,  I  obferve  that  in  the  inftant  when 
I  feparate,  in  the  dark,  a  ribbon  from  the  table  on  which  I  rubbed 
it,  there  appears  a  track  of  light  on  the  fucceffive  places  where  the 
feparation  is  made  ;  a  proof  this,  that  the  fucceffive  parts  of  the 
ribbon,  as  they  are  feparating,  begin  to  give  figns  of  electricity, 
and  to  be  in  a  different  fiate  from  thole  parts  which  remain 
joined  to  the  table,  which  give  no  fign  at  all.  I  therefore  con- 
fider  this  track  of  light  as  a  token,  both  that  the  ribbon  had, 
through  the  fri&ion,  depofited  its  fire  into  the  table,  and  that  it 
recovers  it,  when  it  feparates  from  it. 

9 56.  In  the  fecond  place  I  allo  obferve,  that  I  have  no  fooner 
rubbed  a  white  ribbon  with  black  velvet,  than  it  runs,  if  left  at 
liberty,  to  my  fleeves,  to  my  coat,  and  flicks  to  them  :  nor  is  this 
all,  but  fome  parts  of  the  faid  ribbon  apply  themfelves  and  flick 
to  fuch  parts  of  the  fame,  as  already  adhere  to  my  body.  Now,  how 
is  it  poffible  to  reconcile  this  union  of  the  two  parts  of  a  ribbon,  if 
both  retained  an  homologous  ele&ricity,  with  the  law,  that  bodies 
fimilarly  eleCtrified  mutually  repel  each  other. 

957.  In  the  third  place,  the  phenomenon  is  Hill  more  in- 
ItruCtive,  of  the  reciprocal  adhefion  of  a  white  ribbon  with 
a  black  one,  both  contrarily  eleCtrified  :  this  adhefion  is  in- 
verfely  proportional  to  that  electricity  which  remains  in 
both  ribbons,  when  thus  united  j  this  remaining  eleCtricity 
is  of  the  fame  kind  with  that  which,  before  the  union  of 
the  two  ribbons,  predominated  in  either  of  them  ;  and  again 
the  adhefion  is  inverfely  proportioned  to  this  primitive  excefs. 
jLet  the  white  ribbon  be  more  flrongly  electrified  by  excefs, 
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than  the  black  one  is  by  deficiency  ;  the  ribbons  in  this  cafe  will 
indeed  run  to  each  other,  but  then  mutually  adhere  withlefs  force 
than  if  the  deficiency  in  the  black  ribbon  had  been  equal  to 
the  excefs  in  the  white  one  ;  a  redundant  electricity  will  pre¬ 
vail  in  the  two  united  ribbons;  and  if  the  point  of  a  needle 
be  moved  along  the  black  ribbon,  the  two  ribbons  will  after 
this  ceafe  to  give  any  farther  figns  of  electricity,  the  overplus 
of  the  electricity  diffufing  itfelf  into  this  needle  ;  and  the  ad- 
hefion  of  the  ribbons  will  moreover  encreafe. 

958.  Laftly,  the  fine  experiment  which  Signor  Cigna,  a  Phy- 
fician,  relates  in  the  third  chapter  of  his  diftertation,  entirely 
convinces  me,  that  in  the  aCt  of  uniting  an  infulating  body  with  a 
deferent  one,  oralfoan  infulating  body  with  one  contrarywife  elec¬ 
trified,  both  electricities  are  annihilated,  and  that  when  the  two 
bodies  are  feparated,  the  electricities  are  produced afrefh.  The  laid 
gentleman  held  a  ribbon  positively  electrified  by  one  of  its  ex¬ 
tremities,  and  prefented  it  to  the  fmooth  plain  furface  of  a  plate 
of  lead  infulated  with  filk  threads,  in  a  vertical  plane  :  and  he  firft 
obferved  that  the  ribbon  was  butflowly  drawn  by  the  plate  ;  which 
circumftance  is  conformable  to  my  principle,  that  an  electrified 
body  does  not  join  with  a  body  that  is  not  electrified,  but  after  it 
has  introduced  into  it  an  eleCtricity  contrary  to  its  own  :  now,  as 
the  ribbon  was  pofitively  eleCtrified,  it  could  not  drive  away  the 
natural  fire  of  the  plate  by  means  of  its  own  atmofphere,  but 
fo  far  as  the  latter  was  imperfectly  infulated,  and  in  proportion 
to  the  intenfity  of  the  atmofphere  which  it  was  able  to  actuate 
on  the  oppofite  furface  of  the  fame.  But  if  at  the  fame  time, 
that  the  above  Gentleman  prefented  the  ribbon  to  the  plate,  he 
alfo  prefented  his  finger  to  the  latter,  a  fpark,  he  fays,  leaped 
from  the  lead  to  his  finger  ;  the  ribbon,  at  the  fame  infiant 
flew  to  the  plate  and  remained  adherent  to  it  ;  nor  did  either  of 
them  give  after  this  any  eleCtric  fign.  Now,  was  not  this  fpark 
correfpondent  and  equal  to  the  excefs  which  the  ribbon  depofited 
into  the  lead  ?  Was  it  not  therefore  a  fign  that  the  ribbon,  in 
uniting  to  the  lead,  gave  up  its  own  aCtual  excefs?  Laftly,  Signor 
Cigna  feparated  the  ribbon  from  the  lead,  when  the  ribbon 
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appeared  eledrified  again;  and  then  the  fame  Gentleman,  with  his 
finger,  returned  a  (park  to  the  lead  :  that  is,  the  ribbon,  when  taken 
from  the  plate,  carried  off  part  of  the  natural  fire  of  it,  leaving 
it  in  a  deficient  fiate,  and  thus  recovered  its  own  former  excefs. 

959.  Here  we  mufi  obferve  that  the  above  experiment  is 
equally  conclufive  in  any  fuppofition  whatever  ;  becaufe  we  mufi 
in  all  cafes  admit  the  two  following  propofitions,  viz.  that  two 
bodies  fimilarly  eledrified  repel  each  other,  and  that  two  bodies 
contrarily  eledrified  attrad  each  other.  The  fpark  which  leaps 
from  the  lead  to  the  finger,  when  the  ribbon  joins  with  the  former, 
is  able  to  eledrify  a  third  body  in  fuch  a  manner  as  to  caufe  it  to 
be  repelled  by  this  ribbon,  when  the  latter  is  afterwards  feparated 
from  the  lead  ;  this  fpark  therefore  is  the  eledricity  itfelf  which 
belonged  to  the  ribbon.  On  the  other  hand,  the  fpark  which 
leaps  from  the  finger  to  the  lead,  when  the  ribbon  has  been 
feparated  from  it,  leaves  fuch  an  eledricity  in  that  finger,  as  to 
caufe  it  to  be  attraded  by  the  ribbon,  when  it  is  thus  feparated  from 
the  lead  ;  fo  that  this  eledricity  is  a  contrary  eledricity  to  that 
in  the  ribbon.  Whence,  in  any  fuppofed  cafe,  w;e  may  fay  that 
the  ribbon  in  uniting  with  the  lead  diffufes  its  own  eledricity 
through  it  into  the  finger  ;  in  parting  from  the  lead,  it  refumes 
this  eledricity  ;  hence  it  happens  that  the  finger  afterwards  finds 
the  lead  in  a  negative  fiate. 

960.  From  the  above  propofitions  and  fads  it  manifefily  fol¬ 
lows.  I.  That  eledrified  infulating  bodies  lofe  their  adual  elec¬ 
tricity  when  they  enter  into  a  fiate  of  adhefion.  II.  That  in  the 
ad  of  their  feparation,  they  recover  it.  Which  principles  being 
once  laid  down,  cannot  it  alfo  be  faid  that  this  difpofition  which 
is  left  in  the  infulating  body  by  its  late  eledricity,  of  afterwards 
recovering  it,  is  alfo  the  caufe  why  this  infulating  body,  while  thus 
deprived  of  its  eledricity,  remains  in  the  above  fiate  of  adhefion. 
But  of  this  more  accurate  proofs  will  be  given  in  the  following 
chapter. 
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CHAP.  II. 

On  the  'vindicating  electricity  of  compact  folid  infulating  firata» 

961.  rpHE  firft  phenomena  that  have  been  obferved  with 
1  regard  to  the  vindicating  eledtricity  of  compact  in¬ 
fulating  firata,  were  thofe,  a  notice  of  which  was  fent  by  the 
Father  Jefuits  at  Pekin,  to  the  Academy  of  St.  Peterfbourg,  in 
the  year  1 755,  and  which  may  be  read  in  the  VITth  volume  of 
the  new  commentaries  of  this  Academy.  Signor  Symmer  in  his 
third  Memorial,  which  was  read  in  the  Royal  Society  of  London, 
the  20th  of  December  1759,  fays  he  charged  two  thin  fheets  of 
glafs,  joined  together  by  their  naked  furfaces,  and  externally 
coated  ;  when  the  charge  was  completed,  he  took  the  upper- 
plate,  by  two  of  its  angles,  and  when  he  raifed  it,  he  faw  that 
the  under  plate  fiuck  to  it,  and  remained  fufpended  to  it  ;  when 
he  had  difeharged  the  plates,  the  adhefion  ceafed-  He  recharged 
the  two  plates,  then  having  inverted  them  when  thus  united,  he 
made  the  plate  that  communicated  at  firfl  with  the  Chain,  com¬ 
municate  now  with  the  ground,  and  that  which  communicated 
with  the  ground,  communicate  with  the  Chain  ;  when  he 
found  that  after  the  electrization  had,  in  this  fiate  of  things* 
been  continued  a  certain  time,  all  adhefion  ceafed.  Ufing  after¬ 
wards  two  plates  coated  on  both  their  contiguous  furfaces,  he 
found  that  no  adhefion  took  place.  Signor  Symmer  makes  ufe  of 
thefe  two  experiments  in  order  to  confute  the  theory  advanced  by 
certain  philofophers,  of  two  eledtric  fluids,  the  on  z  affluent  >  the  other 
effluent  -,  he  pretends  that  each  of  the  two  diftindt  united  glafies 
may  be  confidered  as  the  one  of  the  furfaces  of  a  fingle  plate 
that  one  of  the  glafies  is  impregnated  with  an  eledlricity  of 
one  kind,  and  the  other  glafs  with  an  eledlricity  of  another  kind  j 
he  moreover  is  of  opinion  that  the  adhefion  of  the  two  naked 
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places  of  glafs  is  a  demonftrating  proof  of  the  exigence  of  two 
antagonift  forces. 

962.  Signor  Cigna,  in  the  fourth  chapter  of  his  DifTertation, 
carried  hill  farther  the  experiment  of  the  Fathers  of  Pekin,  and 
of  Signor  Symmer.  He  relates  that  two  naked  glafles,  by  rubbing 
the  upper  furface  of  them,  remained  united,  both  to  each  other, 
and  to  the  gilt  paper,  or  the  Iheet  of  lead,  on  which  they  were 
placed  ;  that  in  this  hate  they  gave  no  hgn  of  electricity  ;  that 
if  they  were  then  feparated  from  the  paper,  or  the  lead,  they 
manifehed  on  their  two  external  furfaces  the  fame  kinds  of  elec¬ 
tricity;  that  if  the  paper  or  lead  was  again  joined  to  the  glahes, 
the  eledric  ligns  again  ceafed  ;  that  if  the  paper,  or  lead,  was 
kept  parted  from  the  glahes  by  means  of  a  hlk  ribbon,  the  paper 
or  lead  manifehed  an  electricity  contrary  to  that  of  the  glahes; 
that  if  the  glahes  were  likewife  kept  feparated  from  each  other,, 
they  alfo  manifeh  contrary  electricities. 

963.  I  do  not  propofe  to  repeat  all  the  numerous  experi¬ 
ments  which  I  related  in  my  book  i n titled,  Objervationes  atque 
experiment a  quibus  ’eleSlricitas  v  index  late  conjiituitar  &  exp  lie  at  ur . 
I  am  actually  employed  in  promoting  my  enquiries  on  this  fubjedy 
and  if  1  meet  with  fome  fuccefs,  I  propofe  to  publiih  what  difeo- 
veries  I  Ho  all  be  able  to  make.  Mean  while  I  fhall  only  repeat  in 
this  place,  the  experiment  which  is  made  with  the  two  plates,  A  B, 
ab,  M  N,  mn ,  (PI.  XI.  fig.  4.)  jointly  charged,  and  I  filai  1  exprefs 
the  fucceffive  effeds  of  the  'vindicating,  eledricity  in  this  experi¬ 
ment  with  the  figure  2. 

964.  And  firh,  in  order  to  perceive  the  unity  which  really 
takes  place  in  all  the  phasnomenaof  the  vindicating  electricity ,  how¬ 
ever  contrary  to  each  other  fome  of  them  may  appear,  it  mud  be 
obferved,  I.  That  the  law  of  the  vindicating  eledricity  of  compad 
rnfulating  Idrata,  for  inftance,  plates  of  cryftal,  is  the  lame  with  the 
law  of  the  vindicating  eledricity  of  rare  inhibiting  bodies,  for  in- 
llance,  filk  ribbons.  II.  1'hat  the  whole  fpecific  difference  between 
them  lies  in  the  former  being  capable  of  a  charge,  which  the  latter 
are  not.  111.  Thence  it  refults  that  the  alterations  of  eledricities, 
which  are  readily  affeded  with  bodies  of  a  rare  texture,  by  dif- 
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joining  and  rejoining  them,  are  not  fo  with  compact  infulating 
tirata;  fuch  alterations  are  confined  to  thofe  furfaces  of  the  latter 
which  are  kept  joined  together  by  the  contrary  ele&ricities 
of  the  other  two  furfaces,  which  conftantly  endeavour  to  preferve 
their  contrariety  to  each  other ,  and  their  equality  with  the  eie 51 ricity 
of  the  furfaces  which  are  united  together . 

965.  For  inftance,  I.  Two  ribbons  contrarily  eledlrified,  when 
they  unite  together,  reciprocally  defiroy  their  electricities,  and 
thus  remain  adherent*  After  the  fame  manner,  if  two  plates  A  B 
ah,  MN  mn ,  are  joined  by  their  refpective  furfaces,  a  b , 
M  N,  contrarily  electrified  (I  fuppofe  the  furface  A  B  to  be  pofi- 
tively  eleCtrified,  and  the  oppofite  ab ,  negatively  ;  therefore  M  N 
is  pofitively  eleCtrified,  mn  negatively)  thefe  two  contrary  elec¬ 
tricities  will  endeavour  to  deftroy  each  other;  the  redundant  fire 
in  M  N  will  endeavour  to  dififufe  itfelf  into  ab,  and  fill  up  its 
deficiency  ;  but  this  reciprocal  fuppreflion  of  electricities  cannot  be 
effected  otherwife  than  by  a  joint  annihilation  of  the  excefs  in  AB, 
and  of  the  deficiency  in  mn;  therefore,  in  confequence  of  the 
impenetrability  of  the  plates,  fome  external  communication  be¬ 
comes  neceffary  ;  and  this  will  no  fooner  be  procured,  than  the 
excefs  of  M  N  will  diffufe  itfelf  into  a  b,  when  the  eleClricity  of 
the  two  furfaces  <2^,  MN,  will  be  annihilated  after  the  fame 
manner  as  the  electricities  of  the  two  ribbons  were  before. 

966.  Again,  the  two  ribbons,  when  they  are  feparating,  freely 
recover  their  electricity,  which  they  had  readily  loft  when  they 
joined;  and  in  the  fame  manner,  the  two  plates  M  N  m  n,  AB 
ab,  in  the  inftant  they  are  feparating,  endeavour  to  recover  on 
their  furfaces  ^^,MN,  the  electricity  they  have  loft  in  confequence 
of  their  union  together,  and  of  the  communication  of  their  ex¬ 
ternal  furfaces.  Yet  it  is  to  be  obferved  that  the  furface  MN, 
in  its  endeavour  to  recover  its  excefs,  is  reftrained  by  the  difficulty 
which  the  infulated  oppofed  furface  mn  experiences  in  dif- 
mifiing  an  adequate  part  of  its  own  fire;  and  the  furface  a  b  Jj^ewife, 
in  its  endeavour  to  recover  its  deficiency,  is  reftrained  by  the 
difficulty  which  the  oppofite  furface  AB  experiences  in  recovering 
an  adequate  excefs  ;  whence  it  happens  that  the  two  disjoined 
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plates,  I  Manifeft  electricities  reciprocally  contrary.  II.  Similar 
eledricities  take  place  over  the  two  oppofite  furfaces  of  the 
fame  plate.  III.  And  this  eledricity  is  of  the  fame  kind  as  that 
recovered  by  the  disjoined  furface. 

967.  The  reafon  is,  that  in  disjoining  the  two  furfaces  ah 
M  N,  I.  The  furface  M  N,  by  endeavouring  to  recover  its 
former  excels,  endeavours  at  the  fame  time  to  drive  away  a  quan¬ 
tity  of  natural  fire  from  the  oppofed  furface  mn .  Now,  as  the  latter 
remains  infulated,  it  cannot  transfufe  any  fire  into  the  ground, 
neither  can  it  accumulate  any  within  its  coating  c  d  ;  it  therefore 
mud  accumulate  it  on  the  open  furface  of  this  coating,  againft  the 
contiguous  air  :  fo  that  there  will  refult  an  excefilve  tenfion  in  the 
natural  fire  of  the  ambient  air,  and  a  redundant  atmofphere  around 
m  n.  II.  Likewife,  in  the  ad  of  the  fame  reparation,  the  furface  ab , 
in  endeavouring  to  refume  its  former  deficiency,  draws,  according 
to  the  Franklinian  theory,  a  certain  quantity  of  redundant  fire, 
to  the  oppofite  furface  A  B  :  now,  as  this  furface  remains  infur¬ 
iated,  it  cannot  derive  this  fire  from  the  ground,  neither  can  it 
draw  it  from  the  internal  fubfiance  of  its  own  coating;  it  mull 
then  draw  it  from  the  outer  furface  of  this  coating,  that  is,  from  the 
lurface  of  the  contiguous  air  (if  before  feparatirrg  the  plates,  the 
coatings  are  taken  off,  the  experiment  will  equally  fucceed.)  There¬ 
fore,  a  particular  relaxation  will  arife  in  the  natural  fire  of  the  air 
around  the  plate  A  B  ;  there  will  refult  a  deficient  atmofphere. 

968.  This  explanation  how  the  atmofpheres  arife,  which  take 
place  over  the  furfaces  oppofite  to  thole  which  are  disjoining,, 
likewife  fuffices  to  explain  the  lingular  circumftance  of  fimilar 
eledricities  a  riling  over  oppofite  furfaces  of  the  fame  plates. 
If  while  the  two  plates  A  Bab,  MN  mn  are  feparating,  two  fharp 
points  are  kept  prefented  to  their  external  furfaces,  the  brulli  ap¬ 
pears  on  the  point  directed  to  A  B,  and  the  liar  on  the  other  which 
is  direded  to  mn  :  the  fame  force  which,  when  the  points  are 
preferring,  draws  a  brulh  to  A  B,  and  drives  the  fire  that  forms 
another  brulli  from  mn,  this  fame  c  a  life  I  fay,  when  thefe  two 
furfaces  remain  infulated,  draws  to  A  B  the  natural  fire  of  the 
contiguous  air,,  creating  a  deficient  atmofphere  over  it,  and  throws 
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exceffive  fire  from  mn  into  the  air  contiguous  to  it,  railing  in  it 
a  redundant  atmolphere. 

969.  That  afterwards,  over  the  external  furfaces  correspondent 
to  ab,  MN,  when  they  are  Separating,  atmolpheres  arile  that  are 
homologous  to  the  electricity  which  thele  Surfaces  recover,  is 
what  appears  natural,  when  we  confider,  that  the  lattei '  furfaces 
re  fume,  by  virtue  of  their  Jeparation ,  greater  eletlricities  than  tiiofe 
which  can  pojjibly  be  raifed  on  the  op  polite  furfaces ,  which  are  infu- 
lated.  This  principle  being  admitted,  it  follows  that  ir  the  fur- 
face  MN,  cannot  drive  from  the  oppofite  lurface  mn,  a  quantify 
of  fire  diffident  to  produce  in  it  a  deficiency  equal  to  the 
excefs  recovered  by  the  fame  M  N,  it  follows,  I  fay,  that  a 
portion  of  this  excefs  mud  flow  outward,  againd  the  contiguous 
air,  and  there  produce  a  redundant  atmofphere.  Likewise,  if  the 
Surface  A  B  cannot  draw  to  itfdf  a  quantity  of  fire  fufficient  to 
produce  in  it  an  excefs  equal  to  the  deficiency  recovered  by- ab^ 
it  follows  that  this  A  B  mud,  from  the  air  contiguous  to  if, 
draw  a  certain  quantity  of  fire,  and  thus  produce  a  deficient  at¬ 
mofphere  over  itfelf.  That  is  to  fay,  the  excefs  redundant  in,  and 
flowing  out  of,  M  N,  againd  the  air  contiguous  to  it,  ip fo  facto 
lede  ns  the  excefs  in  this  M  N,  and  thus  brings  it  to  a  date  of  lefs 
unequality  with  refpeCt  to  the  deficiency  actuated  in  mn  ;  and  the 
fire  which  from  the  contiguous  air  flows  into  AB,  ipjo  fatio 
lefiens  the  deficiency  in  it,  and  thus  brings  it  to  a  date  of  lefs 
unequality  with  regard  to  the  excefs  in  ab. 

970.  Thefe  explanations  of  the  vindicating  electricities  of  two 
plates,  may  be  demondrated  by  the  experiment  in  which,  after 
jointly  charging  and  difcharging  them,  I  continue  for  an  hour 
and  more  to  obtain  fparks  by  touching  them  when  feparated,  and 
again  touching  them  when  rejoined  ;  and  reciprocally,  the  above 
explanations  throw  a  complete  light  on  that  fame  experiment, 
which  I  never  could  repeat  without  exciting  the  wonder  of  thofe 
who  were  unacquainted  with  eleCtrical  operations,  and  attracting 
the  attention  of  the  Philofophers  who  came  to  fee  my  experiments. 
I  join  the  two  plates  A  Bab,  MN  mn  together,  by  their  naked 
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furfaces  in  contadi  with  each  other  ;  and  then  introduce  into  the 
coating  CD,  for  indance,  the  eleCl ricity  of  the  Chain  ;  the  charge 
being  completed,  I  difcharge  them  ;  this  done,  I  leparate  them, 
and  touch  the  coatings  ;  I  join  them  again,  and  then  again  touch 
them  ;  and  thus  doing,  I  continue  to  excite  a  very  long  feries  of 
fparks  :  here  follows  the  manner  after  which  I  operate. 

971.  I  begin  with  exciting  fparks  from  the  coating  alone  of 
the  upper  plate;  that  is  to  fay,  I.  I  continually  touch  with  one 
of  my  fingers  the  under  coating  c  d.  II.  When  I  feparate  the  plate 
A  B,  I  take  care  not  to  touch  its  coating  CD.  III.  Having  feparated 
this  plate,  I  immediately  touch  it  and  give  a  fpark  to  it;  that  is  to 
fay,  I  give  to  A  B  an  excefs  adequate  to  the  deficiency  contracted 
by  ab,  at  the  indant  of  the  feparation.  IV.  I  ceafe  touching  A  B  ; 

I  rejoin  the  two  plates,  and  touch  again  CD,  and  draw  fparks 
from  it,  by  means  of  which  I  draw  off  the  excefs  I  communicated 
to  A  B  after  the  lad  feparation,  and  which  it  does  no  longer  re¬ 
quire,  when  in  a  date  of  conjundlion.  V.  Proceeding  thus  with 
the  ufual  caution  not  to  touch  the  coatings  in  the  adt  of  fepa- 
rating,  or  of  rejoining  the  plates,  I  continue  to  give  fparks  after 
every  feparation,  and  take  them  back  after  rejoining  the  plates. 

972.  In  general,  the  fpark  which  I  draw  after  rejoining  the 
plates,  is  more  divided  than  that  which  I  gave  after  feparating 
them.  In  Very  favourable  weather,  after  feparating  the  plates, 

I  often  draw  two  or  more  fucceffive  fparks;  but  after  rejoining  them, 
the  fire  that  leaps  from  my  finger  is  completely  united  into  on® 
fpark,  and  much  more  vivid. 

97^.  In  order  to  underdand  the  reafon  of  this  difference,  we  mud 
confider,  I.  That  the  fire  which  flies  from  ab,  in  confequence  of 
the  deficiency  which  now  takes  place  in  it,  goes  to  MN  in  order 
to  form  the  excefs  which  this  MN  wants  ;  therefore,  as  an  excels 
arifes  in  A  B,  in  confequence  of  my  touching  it  at  times,  fo  a  de¬ 
ficiency  arifes  in  mn ,  in  confequence  of  its  condant  communi¬ 
cation  with  my  hand.  II.  When  I  rejoin  the  two  plates,  the  ex¬ 
cefs  I  have  introduced  into  A  B  cannot  be  annihilated  but  fo  far  as 
the  excefs  in  M  N  runs  to  fill  the  deficiency  in  a  b  -,  and  the-excefs 
in  M  N  does  not  depart,  but  when  I  give  fire  to  mn,  in  order  to 
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fill  its  deficiency.  III„  In  fadt,  if,  while  I  rejoin  the  plates,  I 
keep  my  finger  at  a  diflance  from  mn  (or  its  coating  cd)  then  I 
cannot  draw  from  A  B  the  excefs  I  introduced  into  it  >  becaufe  as  I 
rio  not  then  fill  the  deficiency  in  m  n ,  the  excefs  cannot  be  annihila- 
ted  in  M  N,  nor  the  deficiency  in  a  b  fupplied.  IV.  However,  when' 
I  touch  vi  n  (or  c  d)  while  I  rejoin  the  plates,  the  excefs  of  A  B 
is  not  for  all  that  thrown  out  at  once,  becaufe  the  furfaces  a  b 
MN,  do  not  inflan  taneoufly  touch  each  other  in  all  their  parts  y 
hence  a  flownefs  and  focceffivenefs  take  place  in  the  refpe&ive  an- 
hilations  of  the  excefs  in  M  N,  of  the  deficiency  in  a  bi  and  of  the 
excefs  in  A  B.  V.  But  when  after  feparating  the  plates  I  prefent 
my  finger  to  CD,  (or  AB)  the  excefs  is  at  once  thrown  to  it 
from  my  finger,  owing  to  the  violence  with  which  the  whole 
AB  then  wants  an  excels  adequate  to  the  deficiency  then  com¬ 
pletely  formed  in  a  b .• 

974.  Conformably  to  what  has  been  faid  above,  we  muft  take  care 
that  every  time  that  the  plates  are  joined,  they  be  prefled  together 
for  fome  few  feconds  of  time,  in  order  that  the  finali  charges 
which  have  been  formed  by  the  feparation,  may  have  time  both 
to  diffipate  entirely,,  and  to  arife  again  with  more  ftrength,  when 
the  feparation  will  be  again  effedled. 

975.  J.  If  after  touching  the  plates  when  rejoined,  they  are 
again  disjoined  without  drawing  a  fpark,  and  then  rejoined,  no 
fpark  will  be  thrown  from  A  B,  becaufe  it  has,  in  fuch  cafe,  re¬ 
ceived  no  fire.  II.  If  after  touching  the  plates  when  feparated,- 
they  are  rejoined,  then  disjoined  again,  without  previoufly  drawing 
a  fpark,  AB  then  receiver  no  fpark,  becaufe  it  has  given  none  at 
the  time  of  its  1  aft  joining  with  the  other  plate  ;  Jo  true  it  is  that 
injulating  bodies  contrarily  ekClrifed ,  are  difpofed ,  when  they  join 
together ,  ?nutually  to  annihilate  their  reciprocal  electricities ,  as  well 
as  to  recover  them  again ,  when  they  are  feparated, 

976.  I  have  hitherto,  in  the  experiment  of  the  two  plates* 
only  examined  that  kind  of  electricity  which  is  common  both  to 
compact  infulating  bodies,  and  to  thofe  of  a  rarer  texture  :  I  mean 
that  kind  of  electricity,  by  vii’tue  of  which  they  recover ,  when 
feparated ,  the  electricity  which  they  had  lojl  by  their  being  joined 
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together ,  and  which  1  call  poftive  vindicating  eleBricity,  Now, 
I  fliall  in  the  fame  experiment,  examine  that  kind  of  vindicat¬ 
ing  eledricity  which  is  proper  to  compact  infulating  bodies, 
and  by  virtue  of  which ,  when  they  are  feparating  from  one  another , 
they  give  up  the  eleBricity  with  which  they  had  been  impregnated  5 
this  I  call  negative  vindicating  eleBricity. 

977.  Having  therefore  jointly  charged  the  two  plates  AB  ab, 
MN  mn,  I  begin  the  operation  of  l'ucceffively  disjoining  and 
rejoining  them  :  in  order  to  efFed  this  more  eafily,  I  clip  one 
of  the  angles  of  the  one  of  the  plates  ;  and  then  I  obferve,  I. 
That  the  plates,  when  they  are  disjoining,  manifeft  figns  of  a 
negative  vindicating  eledricity.  II.  They  afterwards  reach  to  the 
laft  limit  of  this  eledricity.  HI.  Then  fuccefiively  follow,  for  a 
very  long  fpace  of  time,  to  give  figns  of  a  poftive  vindi¬ 
cating  eledricity.  That  is  to  fay,  I.  At  firff,  the  furfaces  a  b,  M  N, 
when  they  are  feparating,  lofe  a  part  of  the  eledricity  with  which 
they  are  impregnated.  II.  Then  they  reach  a  certain  term  at 
which  they  do  not,  notwithfianding  they  are  again  feparated,  lofe 
any  more  of  the  eledricity  which  remains  in  them,  nor  recover 
any  portion  of  that  which  they  gave  up  when  the  negative 
vindicating  eledricity  began  to  ad,  or  even  afterwards  when 
the  poftive  vindicating  eledricity  began  to  take  place. 

978.  In  the  meanwhile,  the  fimilarity  of  the  atmofpheres  that 
take  place  over  the  two  furfaces  of  the  fame  plate,  both  when 
the  poftive  vindicating  eledricity,  and  the  negative  one  obtain, 
though  it  has  been  looked  upon  as  fatal  to  the  Franklinian 
theory,  really  proceeds  from  the  following  principle,  which  is 
the  foundation  of  this  theory,  which  is,  that  the  contrary 
eleBricities  of  plates,  which  by  virtue  of  the  feparation  of  the  latter ,  are 
< become  unequal  on  each  oppofte  furface ,  feverally  endeavour  to  re¬ 
turn  to  a  fate  of  equality  ;  that  is  to  fay ,  that  eleBricity  on  the  one 
of  the  two  furfaces,  which  the  feparation  has  caufed  to  have  grown 
lefs,  endeavours  to  le  fen  the  eleBricity  on  the  other  furface  ;  and 
vice  verfa ,  that  eleBricity  which ,  in  confequence  of  the  feparation , 
is  become fuperior  to  its  oppofte  one,  tends  to  encreafe  the  latter \ 
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976.  Therefore,  when  I  at  fuff  begin  to  feparate  the  two* 
plates  AB  a  6,  M  N  in  n,  the  excefs  of  MN  and  the  deficiency  of 
a  b  endeavour  mutually  to  leffen  each  other  ;  but  the  other  two 
furfaces  AB,  ;//  n,  being  infuiated,  their  refpeétive  excefs  and  de¬ 
ficiency  are  not  altered  ;  that  is  to  fay,  the  excefiive  fire  is,  as  it  were, 
drawn  from  M  N  into  ab  ;  the  deficiency  in  a  b,  thus  becomes  lefs 
than  the  excefs  in  A  B,  and  endeavours  to  lefien  it  ;  it  therefore 
drives  a  portion  of  this  excefs  in  A  B,  againft  the  air  contiguous 
to  it,  and  thus  creates  the  redundant  atmofphere  over  A  B  : 
and  reciprocally,  the  excefs  in  A  B  being  now  greater  than  the 
deficiency  in  a  b ,  endeavours  to  encreafe  it  ;  it  drives  a  part  of  the 
fire  remaining  in  this  ab,  into  the  air  contiguous  to  it,  and  raifes 
over  it  a  redundant  atmofphere.  Like  wife,  the  excefs  in  MN 
being  become  Ids  than  the  deficiency  in  m  n ,  endeavours  to  lefien  it, 
it  draws  fire  into  m  «from  the  air  contiguous  to  it,  and  thus  renders 
its  atmofphere  Bill  more  deficient  j  and  reciprocally,  the  deficiency 
in  ?nn,  being  greater  than  the  excefs  in  M  N,  endeavours  to  draw 
fire  into  the  latter,  from  the  air  contiguous  to  it,  and  thus  raifes 
a  deficient  atmofphere  over  it. 

980.  On  the  other  hand,  when  after  the  rife  of  the  pofitive. 
vindicating  ele&ricity,  I  again  feparate  the  plates,  both  the  excefs- 
in  M  N,  and  the  deficiency  in  ab,  continue  to  be  reproduced,- 
though  the  contrary  correfpondent  electricities  cannot  arife  on 
the  furfaces  AB,  m  n,  which  remain  infuiated:  therefore  the 
greater  deficiency  in  a  b,  endeavours  to  increafe  the  ldfer  ex¬ 
cefs  in  AB,  by  drawing  the  natural  fire  from  the  contiguous 
air  into  it,  and  thus  raifes  over  AB  a  deficient  atmofphere 
and  reciprocally,  the  lefs  excefs  in  A  B  endeavours  to  lelfen  the 
deficiency  in  ab',  to  that  end  it  draws  fire  into  it  from  the  air 
contiguous  to  it,  and  thus  raifes  over  it  a  deficient  atmofphere.. 
Likewife,  the  greater  excefs  in  MN  endeavours  to  encreafe  the 
deficiency  in  mn ,  driving  its  fire  from  it  into  the  air  contiguous 
to  it,  whence  refults  a  redundant  atmofphere  over  mn -,  and 
reciprocally,  the  lefs  deficiency  in  mn  endeavours  to  lefien  the 
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excefs  in  MN;  to  that  end  .it  drives  a  part  of  the  latter’s  redundant 
fire  into  the  air  contiguous  to  it,  and  thus  raifes  a  redundant 
atmofphere  over  it. 

981.  Conformably  to  thefe  principles.  I.  When  I  feparate  the 
plates  A  B  a  b,  MN/^w,  for  the  fird  time  after  their  being 
charged,  they  refid  fo  much  the  reparation,  that  there  is  great 
danger  of  breaking  them.  II.  From  the  coating  C  D  a  drong 
fpark  leaps  to  the  neared  finger  of  that  of  my  hands  which  holds 
the  plate  AB  ab,  and  the  edge  of  its  coating  CD  appears  all 
round  fparkiing  with  very  vivid  brufhes:  all  this  demondrates  to 
me  that  a  diminution  of  the  excels  of  A  B  takes  place,  at  the  indant 
when  the  deficiency  of^^is  forcibly  leflened.  III.  Likewife, 
in  the  add  of  the  fame  reparation,  a  drong  fpark  flies  from  the 
finger  with  which  I  hold  the  plate  M  N  m  n,  to  its  coating  c  d, 
and  its  edge  appears  all  round  fhining  with  vivid  fparks  ;  this 
manifeds  to  me  that  a  diminution  of  the  deficiency  of  m  n ,  is  ef¬ 
fected  at  the  fame  time  that  the  excefs  of  M  N  is  forcibly  leffened. 
IV.  Meanwhile,  thefladies  of  light  which  appear  between  the  fur- 
faces  ab,  M  N,  while  they  are  feparating,  are  produced  by  the  fire 
which,  by  virtue  both  of  the  excefs  in  A  B  which  remains  fuperior 
to  the  deficiency  in  ab,  and  of  the  deficiency  in  m  n7  which 
remains  fuperior  to  the  excefs  in  M  N,  endeavours  to  leap  from 
the  above  a  b  into  M  N.  V.  In  this  date  of  things,  the  upper  plate 
AB  a  b  repels  a  white  ribbon  from  both  its  furfaces  ;  over  which,, 
as  has  been  explained  in  the  preceding  paragraph,  fimilar  redun¬ 
dant  electricities  take  place.  VI.  On  the  contrary,  the  under 
plate,  M  N  m  n,  repels  a  black  ribbon  from  both  its  furfaces, 
by  virtue  of  the  deficient  atmofphere,  which  as  hath  been  alfa 
explained,  takes  place  over  both  its  furfaces. 

982.  The  plates  being  joined  again,  the  intenfity  of  thefe  at¬ 
tractions  and  repulfions  lefien  ;  becaufe  the  excefs  of  M  N,  and 
the  deficiency  of  a  b  are  now  refpeCtively  kept  back  by  the  ex¬ 
ternal  deficiency  of  mn,  and  the  external  redundancy  of  AB. 
The  adhefion  of  the  plates  takes  place  again,  but  in  a  lefs  degree 
than  formerly,  proportionably  to  the  diminution  which  the  ori¬ 
ginal  charge  has  differed  from  the  firft  feparation  ;  and  by 
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feeding  to  a  fecond  reparation,  the  lame  phenomena  continue  to 
take  place  by  virtue  of  the  fame  caufes  as  formerly,  though  their 
intenfity  is  proportionably  lefiened. 

983.  Continuing  thus  to  join  and  feparate  the  pllates,,  we 
pretty  foon  attain  a  term  at  which,  I.  The  plates  ceafie  to  manifeft 
any  fenfible  adhefion.  II.  In  feparating  them  no  light  appears. 
1.11.  After  the  reparation,  they  do  not  fenfibly  draw  or  attract 
rubbed  ribbons.  This  term  is  the  point  of  the  contrary  inflexion* 
the  limit  between  the  negative  vindicating  electricity  which  takes 
place  at  firft,  and  the  poiltive  one  which  fucceeds  to  it.  This 
®erm  is  fooner  attained,  according  as  the  infulation  of  the  plates 
is  lefs  complete  :  in  this  cafe  one  plate  fometimes  reaches  to  this 
term  a  little  before  the  other,  which  ftill  continues  to  draw  and 
repel  ribbons  with  a  fenfible  degree  of  force.  Laftly,  this  term  is 
attained,  before  the  eifeCt  of  the  reparations  has  entirely  annihilat¬ 
ed  the  charge  introduced  at  firft  into  the  plates.  In  fa<ft,  if  they 
are  rejoined  immediately  after  the  term  is  pafled,  they  ftill  give 
pretty  ftrong  (hocks.. 

984.  If,  after  the  term  is  pafted,  the  plates  are  fucceftively 
joined  and  feparated,  but  without  touching  them;  they  begin, 
by  virtue  of  thefe  fucceffive  reparations,  to  recover  their  former 
electricities;  that  is,  the  furface  ab  of  the  plate  A  B  ab>  begins  to 
recover  a  part  of  what  deficiency  it  had  at  firft,  and  the  furface 
M  N,  begins  to  recover  alfo  a  part  of  what  excefs  it  may  have  loft. 
Whence  it  happens  that,  after. the  reparation,  the  deficiency  of 
a  by  being  become  greater,  endeavours  to  encreafe  the  excefs  of 
AB,  by  drawing  into  it  the  natural  fire  of  the  air  contiguous 
to  it  ;  and  reciprocally,  the  excefs  of  A  B,  being  lefs  than  the 
deficiency  of  ab  endeavours  to  leften  it,  by  drawing  into  the  fame 
a  by  the  natural  fire  of  the  air  contiguous  to  it  ;  fo  that  ab  and  A  B 
then  begin  to  repel  the  black  ribbon.  Likewife  the  excefs  of 
M  N,  being  become  greater  than  the  deficiency  in  m  »,  endeavours 
to  increafe  it,  by  driving  the  fire  of  mn  into  the  air  contiguous  to 
it;  and  reciprocally,  the  deficiency  of  »/»,  being  lefs  than  the 
excefs  of  M  N,  endeavours  to  diminifh  it,  by  driving  the  fire  of 
^4  N  into  the  contiguous  air,  whence  M  N  and  mn  begin  to  repel 

the 
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fke  white  ribbon.  And  thus  the  negative  vindicating  electricity 
becomes  changed  into  a  pofitive  vindicating  eie B ricity. 

985.  By  continuing  thus  to  rejoin  and  disjoin  the  plates,  thofe 
portions  of  electricity  that  had  been  loft  are  pretty  quickly  re¬ 
covered  on  all  Tides,  by  virtue  of  thefe  fucceflrve  feparations  y  the 
adhefion  of  the  plates,  and  the  repulfion  of  the  ribbons  alfo  en- 
creafe  in  proportion  ;  fo!  that  it  appears  that  all  thefe  phenomena 
of  the  pofitive  vindicating  ekdlricity-i  continue  till  that  degree  is 
attained,  at  which  the  charges  that  had  been  introduced1  at  firft, 
are  annihilated. 

986.  Beyond  this  term,  if  the  plates  are  continued  to  be  fc- 
j*>ined  and  disjoined,  for  an  whole  hour  or  more,  without  being 
touched,  they  continue  to  ftiew  fome  adhefion  to  each  other  j  they 
continue  when  feparated,  to  repel  ribbons  conformably  to  the  kind4 
of  electricity  which  they  have  refumed  on  their  interna! furfaces,&c. 

987.  I  have  reprefented  in  the  fig.  2.  of  the  PI.  XI.  the  feries’ 
of  the  above  alterations  of  the  vindicating  electricity.  Now  I  (hall1 
make  ufe  of  a  figure  of  the  fame  kind,  in  order  to  explain  the  vindi¬ 
cating  electricity  of  the  plate  MN  mn ,  (PI.  XI.  fig.  4.)  The 
fame  explanation  will  ferve  for  the  electricity  of  its  fellow-plate  y 
only,  the  ordinates  muft  be  taken  on  the  other  fide  of  the  abfcifs. 
Let  the  two  equal  right  lines  OF,  reprefent  the  excefs  intro¬ 
duced  into  M  N  by  the  charge,  and  the  deficiency  introduced  into 
m  n.  On  the  firft  feparation  of  the  plates,  M  N  will,  for  in- 
ftance,  loie  the  portion  u  F  of  its  excefs  :  therefore,  it  will  in  con- 
fequence  of  this  feparation  appear  negatively  electrified  over  both 
its  furfaces  ;  the  plates  being  joined  again,  it  will  recover  part 
of  its  former  excefs,  and  will  thus  be  brought  to  have  then  the 
whole  of  its  excefs  equal  to  P  G.  In  confequence  of  a  new  fepara¬ 
tion,  a  portion  #G  of  the  fame  excefs  will  again  be  loft  y  and  thus 
it  will  at  laft  happen,  that  Al  N  will  have  that  precife  degree  of 
excefs  at  which  a  further  feparation  can  no  longer  leften  it  ;  fo  that 
H  is  the  point  at  which  the  vindicating  electricity  begins  to  be 
altered,  that  is,  from  negative  becomes  pofitive.  At  a  fol¬ 
lowing  feparation,  by  virtue  of  which  the  remaining  excefs  is 
already  reduced  to  the  lefs  value  RI,  the  plate,,  inftead  of  con¬ 
tinuing 
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•tinuing  to  lofe  any  more  of  its  excefs,  on  the  contrary  begins  to 
recover  the  portion  of  it  I_y.  Hence,  as  the  remaining  excefs  from 
the  charge,  in  M  N,  is  gradually  reduced  to  the  lefs  values  KS 
in  K,  L  A  in  L,  and  o  in  M,  the  furface  M  N  gradually  recovers 
gradually  greater  portions  of  its  former  excefs,  Kr,  L  z,  M  £?. 
From  that  point  afterwards  the  furface  M  N,  by  virtue  of  other  fuc- 
ceffive  feparationSj  will  for  a  very  long  while  continue  to  recover 
portions  of  its  former  excefs,  which  (the  operation  being  continued 
without  touching  the  plates) will  gradually  vanifh  a-t  every  fucceflive 
conjundion  of  the  fame. 

988.  And  thus  the  portions  of  a  curve  O  QJM,  oq  M,  will,  with 
their  refpedive  ordinates,  exprefs  the  exceffesand  deficiencies,  both 
primitive  and  remaining,  of  M  N  and  mn  j  the  portions  of  a  curve 
u  H  &  v,  V  H  &  V,  will,  with  their  ordinates,  exprefs  as  far  as 
H,  the  negative  vindicating  eledricities,  and  beyond  H,  the 
pofitive  vindicating  eledricities,  of  the  fu r faces  M  N,  mn.  The 
fame  portions  of  curve  which  ferve  to  exprefs  the  degrees  of 
pofitive  and  negative  vindicating  eledricities  that  take  place  at 
every  fucceffive  feparation  of  the  plates,  will  alfo  ferve  to  reprefent 
the  progreffion  of  the  mutual  adhefion  of  the  plates.  z/F,  UF 
will  exprefs  the  greatefl  degree  of  the  adhefion  of  the  plates,  when 
they  hill  retain  their  whole  charge;  which  value  will  gradually 
leifen  conformably  to  the  fucceffively  leffening  ordinates,  xG , 
X  G  ;  at  the  inhant  when  the  negative  eledricity  will  take  place, 
this  value  will  be  o  in  H,  that  is,  at  the  point  of  the  contrary 
inflexion  ;  and  thence  it  will  continue  quickly  encreaflng,  then 
very  flowly  •  decreafing,  conformably  to  the  fuccefhve  ordinates. 
ly ,  I  Y,  K  j,  KS,  Lz,  L  Z,  Mb’,  MSf,  &c. 

989.  With  refped  to  the  experiments  that  are  made  on  the 
vindicating  eledricity  of  a  dingle  plate  AB  ab  (PI.  I.  fig.  1.)  by 
disjoining  'its  coating  CD,  they  differ  much  in  point  of  intenfity 
and  duration,  from  the  experiments  that  are  made  with  the  two 
plates  jointly  charged.  Of  this  difference  the  caufe  partly  at  lead 
is  manifeft  :  in  the  feparation  of  the  two  plates  jointly  charged, 
the  vindicating  eledricities  of  the  two  furfaces  which  are 
disjoining,  co-operate  together  s  and  this  circumllance  mud 
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Increafe  the  effects,  and  better  preferve  the  efficient  caufes  ;  that  is, 
the  difpofitions  introduced  by  the  charge  of  the  plates,  by  virtue 
of  which  they  endeavour  to  difmifs  their  refpeCtive  electricities 
to  a  certain  degree,  and  beyond  this  degree,  to  recover  the 
fame. 

990.  With  regard  to  the  manner  after  which  the  fame  vin¬ 
dicating  eledricities  exert  themfelves,  I  obferve,  I.  That  pofitive 
vindicating  electricities  exert  themfelves  after  the  fame  manner,, 
when  only  one  plate  is  ufed,  and  feparated  from  its  coating,  as 
when  both  are  ufed,  and  fucceffively  feparated  from  each  other. 
II.  Negative  vindicating  electricities  alio  exert  themfelves  after 
the  fame  manner,  if  the  charge  introduced  into  the  fingle  plate  is 
very  weak,  confiding  for  inftance,  of  only  two  or  three  fparks 
from  the  firft  conductor  ;  becaufe  the  charge  which  is  ufually  in¬ 
troduced  into  the  joined  plates,  is  likewife  fmall,  on  account  of  the 
thicknefs  of  the  whole.  III.  But  if  the  charge  introduced  in  the 
fingle  plate  be  much  intenfe,  then  the  phenomena  which  refult 
from  disjoining  the  coating  of  it,  while  the  plate  retains  its  whole 
charge,  are  proportionably  different  from  the  phenomena  which, 
refult  from  feparating  the  two  plates,  when  they  only  poffefs  their 
joint  charge. 

991.  That  is  to  fay,  each  of  the  plates  that  retain  their  charge, 

manifefts  in  confequence  of  a  feparation,  the  fame  electricity  on 
both  its  furfaces,  with  that  of  the  furface  which  is  disjoined  ;  but 
the  plate  which  has  been  charged  alone  and  pcffeffes  a  confiderable 
degree  of  charge,  manifefts  that  kind  of  electricity  on  the  fur- 
face  which  is  disjoined  from  its  coatings,  which  is  proper  to  that 
furface;  and  the  contrary  kind  of  ele&ricity  on  the  other  furface. 
Thus,  if  the  fingle  plate  A  be  ffrongly  charged,  pofitivcly 

in  A  B,  negatively  in  a  b ,  it  will,  after  the  coating  C  D  is  taken 
off,  repel  a  white  ribbon  from  A  B,  and  a  black  ribbon  from 
a  b. 

992.  The  reafon  of  this  is,  that  charges  univerfally  endeavour, 
with  a  force  proportioned  to  their  intenfity,  to  grow  gradually  lefs  ; 
and  this  force  counteracts  the  force  with  which  they  endeavour 
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to  keep  their  fiate  of  mutual  equality,  the  force  by  which  the  Angle 
charged  plate  endeavours,  when  feparated  from  its  coating,  to 
actuate  Jimilar  atmojpheres  in  the  air  contiguous  to  its  two  Jurfaces . 
When  I  take  off  the  coating  C  D  from  A  B  a  by  which  I  fuppofe 
to  be  ftrongly  charged,  I  lefien  the  eleCtricity  of  A  B  ;  therefore, 
by  virtue  of  the  force  with  which  the  two  contrary  electricities 
conftantly  endeavour  to  keep  their  hate  of  equality,  the 
deficiency  in  lefien,  and  the  excefs  in  A  B  of  courfe 

fomewhat  increafe  :  as  the  electricity  on  both  furfaces  ftrongly  en¬ 
deavours  at  the  lame  time  to  grow  lefs  in  confequence  of  its 
very  intenfity,  the  deficiency  i  nab  very  ftrongly  leflens  by  the 
united  efficiency  of  the  two  above  caufes,  and  the  excels  of  A  B, 
even  after  the  feparation  of  its  coating,  will  continue  to  decreafe  a 
little,  in  confequence  of  the  leffening  force,  which  arifes  from  the 
intenfity  of  its  charge,  and  furpaffies  that  which  tends  to  an 
equality  ;  thence,  a  certain  quantity  of  fire  flows  from  A  B  into 
the  contiguous  air;  but  ab  at  the  fame  time  draws  fire  from  the  air 
contiguous  to  it  with  very  great  force,  and  after  this  manner  the 
above  effeCts  take  place. 

993.  I  have  repeated  the  above  obfervations  from  my  above 
mentioned  book  on  the  'vindicating  electricity ,  and  added  fome 
new  ones,  in  order  to  throw  fome  more  light  on  the  fuhjeCt  ;  with 
regard  to  the  nature  of  the  adhefion  which  accompanies  ‘vin¬ 
dicating  electricities,  I  fhall  only  fubjoin  two  trials  I  have  made 
about  it.  The  fir(t  is  as  follows;  if  two  plates,  either  charged, 
or  lately  difcharged,  and  which  therefore  ftrongly  adhere  to 
each  other,  are  immerfed  into  an  extenfive  fubtle  flame,  or,  wffien 
taken  from  this  flame,  are  fufpended  within  a  large  glals  bell, 
emptied  of  air  (PI.  X.  fig.  11.)  they  foon  part  from  each  other. 
The  other  experiment  is  that  of  disjoining  bodies  naturally  joined, 
for  inftance,  ftrata  or  flieets  of  talc,  or  of  fpato  :  no  eleCtricity 
at  all  arifes  from  thefe  bare  reparations.  With  refpeCt  to  the  caule 
of  the  'vindicating  electricity,  and  of  the  adhefion  that  accompanies 
it,  it  certainly  would,  if  difeovered,  throw  a  confiderable  light 
on  the  properties  of  infulating  bodies,  on  the  manner  of  thwir 

charges. 
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charges,  on  the  nature  of  eleCtric  atmofpheres,  and  confequently 
on  all  the  mod:  ftriking  phenomena  of  electricity,  fuch  as  the 
brujh ,  the  ftar,  and  the  electrical  motions.  A  confideration  this, 
which  is  very  apt  both  to  excite  us  to  inveftigate  fuch  caufe, 
and  redraia  us  from  barely  imagining  it» 


FINI  S> 
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ADVERTISEMENT. 


though  the  following  treatife  on  the  fate  of  Atmofpheric  Eleblricity , 
during  ferene  weather ,  does  not  properly  belong  to  the  fubjeB  of  the 
Work  juft  now  concluded ,  yet ,  as  it  is  a  late  publication  of  the  fame 
Author ,  and  its  fubjedl  is  both  new  and  interefingy  it  has  been  thought 
it  would  not  be  difagreable  to  the  reader  to  fnd  it  added  to  this  book . 
*The  numbers  of  the  paragraphs  have ,  in  confe  queue  ey  been  continued 
from  the  preceding  onesy  as  the  Author  himfelf  has  done ,  for  the  greater 
convenience  of  references  and  quotations . 
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TERRESTRIAL  ATMOSPHERIC  ELECTRICITY, 

DURING  SERENE  WEATHER. 

Of  its  perpetuity  and  conflant  manner  of  aclingt  and  of  the  alterations 
that  take  place  in  its  intenftyy  in  confequence  of  the  changes  in  the 
fate  of  the  air . 

LETTER  I. 

To  his  Exc.  D.  Angelo  Maria  Carrone  di  S.  Tommafo,  Marquis 
of  Aigueblanche,  Firft  Secretary  of  State  for  Foreign  Affairs, 
&c. 

994.  A  S  in  the  difcharge  of  the  high  Office  to  which  your 
ii .  hereditary  loyalty,  mod  excellent  Sir,  and  your 
talents  have  raifed  you,  you  conflantly  endeavour  to  fecond  the 
views  of  our  gracious  Sovereign,  that  is  to  fay,  to  fecure  and  pro¬ 
mote  the  public  happinefs, — fo  your  laudable  fade  for  all  that  re¬ 
lates  to  natural  hidory,  as  well  as  the  deep  quedions  you  have 
of  late  propofed  to  me,  befides  the  friendihip  with  which  you 
have  condantly  honoured  me,  induce  me  to  hope  that  you 
will  condefcend  to  cad  your  penetrating  eye  on  the  following 
propofitions,  in  which  I  treat  of  that  perpetual  motion  which,  in 
the  atmofphere  that  iurrounds  us,  obtains  in  that  mod  a&ive 
element,  which  is  both  the  principal  motor  and  performer  of  the 
greater  part  of  natural  meteores.  If  the  propofitions  in  quedion 
meet  with  fuch  a  favourable  reception  from  you,  which  advantage 
I  flatter  myfelf  they  will  obtain,  their  fubjetì  being  both  new  and 
intereding,  it  will  be  a  great  encouragement  to  them  to  proceed 
farther,  and  make  their  appearance  before  the  Royal  Prince,  to 
whom,  amidfl  the  univerfal  and  joyful  congratulations  of  the 

people, 
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people*,  it  is  likewife  fit  that  Natural  Philofophy  fhould  offer  its 
applaufe. 

995.  Firft  propofition.  I.  How  to  fettle  a  proper  apparatus  for 
exploring  the  electricity  of  the  atmofphere,  during  ferene  weather . 

996.  Ever  fince  the  year  1757,  I  have  written  at  length, 
(and  I  think  conformably  to  truth,  as  far  as  I  can  hitherto  per¬ 
ceive)  concerning  the  different  properties  of  conductors,  for  in¬ 
dicating  the  fiate  of  the  electricity  of  the  atmofphere  in  general  -, 
which  properties  vary  according  to  the  fubfiance,  the  length, 
hignefs,  fhape,  and  height  above  ground,  of  thefe  conductors. 
With  refpeCt  however  to  the  electricity  of  the  atmofphere,  during 
ferene  weather,  it  is  to  be  inveftigated  only  by  ufing  exploring 
wires  of  metal,  that  are  very  long,  and  efpecially  placed  very 
high;  for  as  fuch  electricity  is  commonly  very  weak,  it  would, 
by  operating  otherwife,  often  prove  a  difficult  matter  to  afcertain 
its  exifience,  and  much  more  fo  its  nature. 

997.  For  that  fame  reafon,  viz.  the  weaknefs  of  the  electricity 
to  be  examined,  I  do  not  recommend  fharp  points  ;  they  would 
too  readily  draw  off  and  diffipate  fuch  electricity. 

998.  Thefe  previous  efiential  cautions  being  laid  down,  I  think 
I  cannot  better  continue  to  indicate  the  manner  in  which  a  pretty 
good  apparatus  may  be  fettled,  than  by  fhortly  defcribing  that 
with  which  I  am  obferving  this  very  infiant. 

999.  In  the  firfi.  place,  with  regard  both  to  the  opennefs  and 
height  of  its  fituaticn,  it  is  fettled  on  the  pleafant  hill  of  Gar - 
zegna ,  which  is  fituated  in  the  neighbourhood  of  Mondovi  3  and 
from  which  the  whole  compafs  of  the  Alps,  as  well  as  the  whole 
plain  of  Piedmont,  is  eafily  difcovered.  This  vaft  extent  both  of 
country  and  fky,  that  opens  before  the  above  hill,  I  take  par¬ 
ticular  notice  of,  as  contributing  much  to  the  fuccefs  and  certainty 
of  the  experiments. 

1000.  The  fubfiance  of  the  apparatus  confifis  of  an  iron  wire, 
an  hundred  and  thirty  two  French  feet  long,  this  I  call  the 
exploring  wire.  It  extends  from  a  fiack  of  chimnies  over  which 

*  The  Author  means  to  fpeak  of  the  circumftance  of  the  marriage  of  the  Prince  of 
Piedmont,  with  a  Princefs  of  France,  which  was  then  on  the  point  of  being  celebrated. 
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it  is  raifed  by  a  long  pole,  to  the  top  of  a  cherry-tree  to  which  it 
is  fattened  ;  its  extremities  are  infulated,  and  over  each  a  fharp 
fmall  umbrella  of  tin  is  placed,  the  under  part  of  which  is  coated 
with  fealing  wax.  Lattly,  another  iron  wire  is  fattened  to  the 
middle  of  the  former  -,  and  being  thence  continued,  and  let  into 
the  room  in  which  I  obferve,  through  a  piece  of  cryftal  fixed  in  a 
wooden  pane  in  the  window,  and  l'ecured  in  this  piece  of  cryttal 
with  fealing  wax,  it  brings  me  conttant  information  of  the  Rate 
of  the  electricity  in  the  exploring  wire  :  I  therefore  call  it,  the 
deferent  wire. 

loot.  This  apparatus,  which  though  it  is  much  lefs  extenfive 
than  thofe  which  I  have  hitherto  ufed,  either  in  this  place,  or  in 
others,  yet  I  find  fufficient  to  difcover  the  different  motions  of 
atmofpheric  electricity,  during  ferene  weather. 

1002.  Propoli tion  II.  'The  electricity  during  ferene  weather, 
in  its  middle  and  ordinary  fate,  makes  two  little  halls  of  pith  of  elder, 
one  line  in  diameter ,  diverge  from  a  fmall feet  of  metal  placed  between 
them ,  Jo  far  as  fix  lines  each  :  theje  balls  are  fufpended  by  very  fine  jilk 
threads ,  fixteen  lines  long .  II.  In  the  fate  of  its  great  eft  intenfity , 
this  electricity  makes  the  above  balls  diverge  Jo  far  as  fif  teen ,  twenty , 
or  more  degrees  from  the  finali  fheet  of'  metal.  III.  In  its  weakefl 
fiate,  it  is  only  to  be  difcovered  by  the  mutual  approach  and  junction  of 
thefe  balls ,  from  very  fort  dijlances. 

1003.  I  conttantly  meafure  the  intenfity  of  fuch  eledricity 
from  the  divergence  it  produces,  and  not  from  the  fparks  that 
are  thrown  off*,  becaufe  in  its  weakefl  Rate,  it  never  rifes  fo  high 
as  to  afford  any  fpark  that  are  in  any  degree  difcernible  -,  and 
even  in  its  middle  Rate,  thofe  it  affords  are  only  perceivable  by  a 
very  dry  fenfible  hand,  or  by  prefenting  the  tip  of  one’s  nofe  to 
the  wire,  in  the  meanwhile  taking  care  not  to  breathe.  When 
the  eledricity  increafes  beyond  this  middling  Rate,  then  indeed 
the  fparks  it  throws  are  more  fenfible,  but  yet  the  difference 
between  its  fucceffive  degrees  cannot  be  fo  well  afcertained  as  by 
means  of  the  fimple  divergence  of  the  above  balls;  efpecially 
becaufe  an  eleClrometer  with  fparks,  would  obfiruCt  the  continuance 

of  the  obfervations,  as  will  appear  from  the  following  propofition. 

1004. 
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1004.  Proportion  III.  The  atmofpheric  eleBricity  during  ferene 
weather  is fometimes  fo flow,  as  that ,  being  dejiroyed  by  the  wires  being 
touche dt  it  takes  one  minute  or  more  before  it  becomes  again  fenfible  ; 
and  at  other  timesy  it  is  fo  quick  as  to  become  again  fenfible  after  a 
fecond’s  time. 

J005.  In  exprefling  the  above  degrees,  either  of  the  intenfity 
or  frequency  of  the  electricity  in  queftion,  I  mean  to  fpeak  of 
fuch  obfervations  only  as  I  have  made  with  the  above  mentioned 
apparatus;  for  in  proportion  as  the  extenfivenefs,  and  height 
above  ground,  of  the  apparatus,  will  be  increafed,  the  intenfity 
and  frequency  of  the  ele&ricity,  every  other  circumftance  being 
equal,  will  alfo  increafe. 

1006.  Propofition  IV.  The  atmofpheric  eleBricity  during  ferene 
weather ,  is  always  of  the  exceffive ,  otherwifey  pofitive  kind.  In  the 
very  rare  inftances  that  happen  of  this  eleBricity  being  deficient  or 
negative ,  it  is  then  only  brought  over  by  the  windy  from  fome  part  of  the • 
fkyy  though  perhaps  very  diftant  from  the  place  of  the  obfervationt 
which  is  either  foggy ,  or  fnowy ,  or  rainy ,  or  cloudy. 

1007.  Ever  lìnee  I  began  to  obierve  the  atmofpheric  eleCiricity 
during  ferene  weather,  the  whole  feries  of  my  obfervations  has 
confirmed  it  to  me,  that  this  electricity  is  conftantly  of  the 
exceflive,  orpofitive  kind. 

1005.  On  the  mountain  of  St.  Michael,  I  indeed  happened  three 
times  in  fifteen  days,  to  find,  during  ferene  weather,  the  wires 
I  had  fettled  there  in  March  1767,  (See  Let.  p.  134)  electrified  by 
deficiency .  But  then  I  took  notice  that  the  high  mountains  over  the 
town  of  Sufa,  from  which  an  impetuous  fqually  wind  was  then 
blowing,  were  furrounded  by  clouds,  the  infide  of  which  was 
much  agitated,  and  their  top  was  lengthened  like  rifing  fmoke,  to¬ 
wards  the  place  in  which  I  obferved.  The  inhabitants  of  thofe 
mountains  call  thofe  clouds  la  gonfia  (the  glafs-blower)  and  they 
look  upon  them  as  fure  figns  that  a  certain  wind,  of  a  rainy,  or 
fnowy,  and  fqually  nature,  which  they  call  la  tormenta  (the  fiorm) 
will  take  place  :  this  wind,  from  thofe  mountains  blows  eaftwards. 
In  Turin  I  never  happened  to  obferve  an  impetuous  wind  blowfrom 
the  above  mountains,  but  I  alfo  deferied  them  to  be  furrounded  by 

clouds 
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clouds  like  thofe  I  mention,  lengthened  like  fmoke,  into  right 
lines  more  or  lets  extended  ;  and  reciprocally,  I  have  always  found 
fuch  clouds  to  be  accompanied  by  the  kind  of  wind  I  mention. 

1009.  Thefe  xobfervations  I  made  on  the  mountain  of  St. 
Michel,  hindered  me  from  expreffing  myfelf  in  as  pofitive  a  man¬ 
ner,  in  the  letters  I  wrote  to  Signor  Beccari,  on  the  nature ,  as  on 
the  conjlancy  of  the  atmofpheric  electricity  during  ferene  weather; 
becaufe  I  was  not  fufficiently  allured,  that  fuch  an  inverfion  of  the 
nature  of  this  eledtricity  took  place,  only  in  the  circumftance  of 
the  above  rainy  and  ftormy  clouds. 

1010.  It  has  only  been  fifteen  years  after  the  above  mentioned 
obfervation,  that  I  have  happened  to  meet  with  another  inftance  of 
fuch  inverfion. — On  the  morning  of  the  19th  of  January  1770, 
having  climbed  up  to  the  top  of  Superga,  in  order  the  more  eafily 
to  obferve  from  thence,  whether  the  Aurora  borealis  of  the  night 
before  had  returned,  I  happened  to  meet  there  Sig.  Prior  Ceca, 
who,  with  his  ecclefiafiical  ftudies,  unites  peculiar  talents  for 
fciences  of  other  nature  ;  and  he,  with  great  kindnefs  offered  to 
me  to  watch  the  motions  of  an  apparatus  which  I  had  fettled 
there.  On  the  24th  of  February,  the  apparatus  was  repaired  ; 
and  I  frequently  afterwards  took  a  trip  there,  in  order  to  obferve 
likewife,  and  fee  the  refult  of  the  obfervations  of  the  kind  Prior. 
On  the  13th  of  Auguft  1771,  to  come  to  the  point,  being 
on  the  fpot  1  mention,  I  happened  to  meet  with  another  inftance 
of  defettive  atmofpheric  ele&ricity,  during  ferene  weather:  this 
circumftance  we  wrote,  in  the  account  we  kept  of  our  common 
obfervations,  to  have  taken  place,  “  during  the  time  a  very  ftrong 
wind  blew  from  the  mountains,  which  towards  North-weft,  hide 
the  mountains  of  Lanzo,  behind  which  we  faw  clouds  rife,  fbaped 
like  exhalations  of  fmoke,”  and  in  fhort,  fimilar  to  thofe  juft  now 
defcribed. 

1011.  On  a  former  occafion,  Sig.  Priore  Ceca  being  alone, 
had  obferved  another  inftance  of  a  fimilar  inverfion  of  the  ftate 
of  atmofpheric  electricity  ;  and  it  had  taken  place,  (to  ufe  the  very 
words  of  his  journal)  c<  at  a  time  when  a  temporary  cloud,  brought 
“  by  an  eafterly  wind,  broke,  and  was  converted,  as  it  appeared, 

I  i  i  “  into 


OF  TERRESTRIAL 


426 

<c  into  a  wind,  which  pafiing  over  the  wire,  eledrified  it  by  3 
deficiency:” — by  the  word  wind,  which  is  a  pretty  common  ex- 
predion  in  this  country,  the  Prior  meant  a  cloud,  the  top  of 
which  dretched  into  feveral  right  lines,  under  the  fhape  of  ex- 
halating  fmoke. 

1012.  No  other  inflance  of  defective  electricity,  in  clear 
weather,  befides  the  above,  I  have  fucceeded  to  perceive,  during 
three  years  I  have  lìnee  continued  to  obferve  on  the  mountain  of 
Superga.  Neither  have  I  happened,  in  my  obfervations  in  the 
Valentin,  or  in  thofe  which  I  have  continued  to  make  here  in 
Garzegna,  for  feveral  months  every  year,  or  in  thofe  I  have 
occafionally  made  in  Ciglierò,  Andrà,  Alba,  and  other  places, 
to  meet  with  any  indance  of  the  like  eledricity,  during  clear 
weather.  Only,  on  the  i8thof  April  of  the  prefentyear  (1775)? 
fince  I  am  again  come  back  here  to  Garzegna,  I  have  met  with 
another  indance  of  the  fame  kind  :  here  follows  the  manner  in 
which  I  have  let  it  down  in  my  Journal.  “  About  10  o’clock 
40'  in  the  morning,  the  wind  blows  dronger  than  ever;  the  band- 
role  or  weather-cock,  keeps  waving  with  great  quicknefs  be¬ 
tween  north  and  ead  ;  I  draw  off  a  drong  fpark  with  my  finger  ; 
in  lefs  than  a  minute  I  obtain  another,  and  perceive  that  the 
balls  are  eledrified  by  deficiency;  they  fdon  fall  down,  and  then 
the  wires  again  grow  flowly  and  weakly  eledrified  by  excefs  ; 
then  again  arifes  a  flow  and  weak  deficient  eledricity.  At  iih. 
5'  a  great  divergence,  certainly  from  deficient  eledricity,  takes 
place  ;  a  little  while  after  it  leffens,  but  its  nature  is  not  altered. 
At  11.  10'  the  deficient  eledricity  is  very  much  increafed, 
nor  does  its  intenfity  feem  to  be  regulated  by  the  drength  of  the 
fqualls  of  wind  that  take  place.  At  sih.  13,  zèro;  at  1 1  h,  30', 
a  fmall  excefs.  .  .  .  Baroni.  French  inches  26,  5.  4.  Hygrcm. 
-f-  12.  Therm.  12J  [Reaumur  s  Tdliermom .  very  likely)',  wind  north, 
and  blows  firong.  In  fad,  the  Apennine  mountains  are  fur- 
rounded  by  clouds,  the  upper  edges  of  which  are  divided  into 
numbers  of  redilinear  fpouts,  like  rifing  fmoke,  the  tops  ofwrhich 
are  bent  towards  us  ;  the  clouds  under  thefe  fpouts  look  black,  as 
in  a  dorm  5  and  before  them,  other  clouds  of  an  oblong  fhape  are 
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fpread,  which  are  flat  underneath,  and  full  of  eminences  on  their 
upper  part,  &c  ;  at  noon  the  wind  continues  to  blow  impetuoufly; 
fmall  excefs  and  fo  on. 

1013.  I  have  expatiated  a  little  on  the  above  few  inflances, 
in  which,  contrary  to  the  general  rule,  the  atmofpheric  elediricity 
proved  to  be  in  a  deficient  fiate  during  clear  weather,  becaufe  I 
thought  it  very  worth  while  to  do  fo.  Indeed  every  body  knows 
how  ufeful  a  thing  it  is  in  Natural  Philofophy,  to  derive  obferv- 
ations  from  Nature  itfelf,  and,  by  the  afiifiance  of  a  number  of 
fuch,  to  be  able  fufficiently  to  ground  fome  univerfal  propofition. 
And  how  advantageous  it  is  likewife,  to  lay  down  the  true  excep¬ 
tions  to  the  propofition  in  queflion,  and  to  point  out  the  peculiar 
circumfiances  in  which  they  have  taken  place,  fo  that  the  reafon 
of  fuch  exceptions  may  thereby  become  fufficiently  clear  and 
manifeft. 

1014.  And  in  fadt,  the  ‘different  circumfiances  that  accom¬ 
panied  the  above  inftances  of  defective  elediricity  during  clear 
weather,  fufficiently  indicated  how  far  they  were  exceptions  to  the 
general  rule,  that  an  exceffive  electricity  confiantly  obtains  in 
fuch  weather,  and  fhewed  that  fuch  elediricity  was  rather  brought 
over,  by  means  of  the  wind,  from  fome  part  of  the  fky  which 
was  at  that  time  either  cloudy,  or  fnowy,  or  rainy.  In  the  in¬ 
fiances  I  mention,  the  wind  brought  eledtrified  vapours,  in 
the  fame  manner  as  Mr.  Kinnerfiy  fent  eledtrical  effluvia  to  his 
friend,  by  throwing  his  hat  to  him:  only,  the  wind  produced  the 
above  efifedl  from  an  extremely  great  difiance.  In  fadl,  during 
my  laft  obfervation,  the  clouds  I  mentioned  rofe  above  the  tops 
of  the  Apennine  mountains,  leaving  their  foot  uncovered  ;  and 
indeed  their  diftance  from  the  fpot  on  which  I  flood  was  at  leaf! 
64,000  toifes. 

1015.  The  above  infiance,  which  indeed  is  very  rare,  of 
elediricity  being  thus  brought  over  from  a  very  great  difiance, 
does  not  after  all,  materially  differ  from  thofe  frequent  inftances 
in  which,  though  the  fky  juft  over  our  heads  may  be  clear, 
dark  thick  clouds,  which  draw  continually  nearer  to  the  place  of 
the  obfervation,  fend  an  eledlricity  which  is  found  to  be  alternately 
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exceffive  and  deficient.  The  edge  of  one  of  fuch  clouds  is,  we 
may  fuppofe,  20,  or  30°  difiant  from  the  place  of  the  observation, 
and  that  part  of  thefky  which  lies  over  the  latter,  is,  as  hath  juft 
now  been  faid,  free  from  clouds;  yet,  under  fuch  circumdances, 
and  at  fuch  a  difiance  from  the  cloud,  the  exploring  wire  begins 
to  be  eleCtrided  (by  excefs  and  deficiency  alternately)  efpecially 
when  the  edge  of  fuch  cloud  is  divided,  and  flretched  towards  the 
place  of  the  obfervation,  like  exhalations  of  fmoke.  But  in- 
flances  like  thefe  latter,  which  frequently  happen,  I  only  mention  in 
this  place,  in  order  that,  being  common  and  evident  cafes, 
they  may  ferve  to  confirm  the  explanation  I  have  given  of  the 
former,  which  occur  but  very  feldom. 

1016.  Nor  do  I  think  however,  that  the  fix  times  I  have  hap¬ 
pened  to  meet  with  an  indance  of  defective  electricity  during 
clear  weather,  are  to  be  confidered  as  too  fmall  a  number  to  draw 
any  conclufion  from.  If  it  be  confidered  that  thofe  indances,  or 
exceptions  to  the  conftant  eleCtric  Bate  of  the  atmofphere  in  clear 
weather,  are  the  only  ones  I  have  met  with  during  a  great  number 
of  years,  and  that  every  one  of  them  has  been  accompanied  by  the 
fame  circumdance  of  didant  dark  clouds,  refembling  exhalations 
of  fmoke,  it  will  be  thought  that  thofe  fix  exceptions,  taken 
together,  are  a  diffident  number  for  afeertaining  both  their  unity , 
and  the  manner  in  which  they  were  effected. 

1017.  Such  inverfions  of,  or  exceptions  to,  the  common  date 
of  atmofpheric  electricity  in  clear  weather,  grow  dill  rarer,  as  the 
places  are  lefs  raifed  above  ground.  Either  at  the  Valentin  during 
two  whole  fummers,  or  at  any  time  in  Turin,  I  never  happened 
to  meet  with  fuch  indances.  Fiere  in  Garzegna,  during  the  va¬ 
cations  of  fo  many  different  years  I  have  fpent  in  it,  I  have  only 
this  year  had  an  opportunity  of  obferving  the  phenomenon  in 
quedion;  but  then  Garzegna  is  higher  than  Turin  about  one 
hundred  toifes.  In  Superga,  which  is  248  toifes  higher  than  Turin, 
I  have  twice  obferved  the  fame  faCt.  On  the  mountain  of  St. 
Michel,  which  is  583  toifes  high,  I  happened  to  make  the  ob¬ 
fervation  three  times  in  fifteen  days.  If  the  wind,  before  it 
reaches  the  place  of  the  obfervation,  drikes  againft  the  earth,  it 
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will  bring  no  peculiar  kind  of  electricity  from  the  cloud  from 
which  it  comes  :  now  the  mountain  of  St.  Michel,  which  is  like 
a  high  (harp  cone,  rifes  on  the  very  entrance  of  the  valley  of  Suza. 
Superga  is  not  fo  high,  but  then  it  is  fituated  at  a  pretty  con¬ 
siderable  diftance  a-head  of  the  mountains  in  the  neighbourhood, 
and  it  thus  was  the  firft  which  was  met  by  thofe  North-weft,  and 
Eaft  winds,  from  which  I  found  the  atmofpheric  ele&ric  deficiency 
proceed,  which  took  place  during  clear  weather. 

9018.  Propofition  V.  To  find  the  infiruments  that  may  ferve  to 
oh  ferve  and  aficertain  the  connexion  between  the  atmofpheric  eleBncity 
in  clear  weather ,  and  the  prefient  fiate  of  the  air  ;  and  afiign  the 
precautions  that  ought  to  be  ufied, 

1019.  T  find  that  the  ele&ricity  during  clear  weather  is 
conftantly  conne&ed  with  the  ftate  of  the  air,  as  to  moifture  and 
drynefs.  Therefore,  in  the  inveftigation  I  propofe,  observations 
of  the  barometer,  thermometer,  and  anemometer,  will  be  not  only 
ufeful,  butneceflary:  of  all  inftruments  however,  that  which  is 
moft  efiential  is  a  perfect  hygrometer,  and  fuch  a  one  ftill  con¬ 
tinues  to  be  wifhed  for  every  day. 

1020.  That  contrived  by  Monf.  Deluc  came  to  my  knowledge 
only  a  few  weeks  fince.  '  This  hygrometer  is  compofed  of  a  very 
thin  tube  of  ivory,  to  which  a  glafs  tube,  like  that  of  a  thermo¬ 
meter  is  annexed  :  the  mercury  is  made  to  rife  in  the  latter  tube, 
both  by  the  heat,  and  by  the  drynefs  of  the  external  air;  which 
drynefs  contracts  the  tube  or  pipe  of  ivory.  The  mercury  is  like- 
wife  made  to  lower  both  by  cold,  and  by  moifture,  as  this 
moifture  dilates  the  ivory  pipe  :  the  expedient  therefore,  imagined 
by  the  above  Gentleman,  has  been  to  annex  a  corresponding  ther¬ 
mometer  to  the  hygrometer,  and  by  its  means,  to  afcertain  and 
dedtuft  that  part  of  the  motion  of  the  mercury,  which  is  the  re- 
fult  either  of  heat  or  cold,  merely  :  and  from  the  remainder  he 
meafures  the  degree  of  the  atmofpheric  moifture,  or  drynefs. 

1021.  This  hygrometer,  among  other  advantages,  Seems  in- 
difputably  to  poftefs  thofe  of  duration,  and  pretty  exaóì  menfij- 
ration  :  the  author  of  it  himfelf  wifhes  it  alfo  pofiefied  that  of 
operating  Somewhat  more  quickly.  This  defeat  however  may 
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perhaps  be  remedied  by  Tome  fubfidiary  hygrometer  ;  and  perhaps 
rt  will  alfo  be  pofiible,  with  fome  other  very  delicate  inflrument, 
to  find  out  the  proportion  between  the  real  quantity  of  moiflure, 
and  the  number  of  the  decrees  exhibited. 

1022.  However,  being  in  abfolute  want  of  fuch  a  perfect  hy¬ 
grometer,  I  have  hitheito  made  ufe  of  two,  of  my  own  contriv¬ 
ance:  the  one  confuting  of  a  (bring,  this  I  call  the  principal 
hygrometer  ;  the  other  of  bits  or  fhreds  of  flraw,  I  call  it  the 
fubfidiary  hygrometer. 

1023.  The  firing  is  made  up  of  thirty-two  flaxen  threads 
twilled  together  ;  the  whole  diameter  of  it  is  two  third  parts  of  a 
line  ;  fo  that  its  thinnefs  prevents  its  operating  too  flowly. 
I  fir  ft  try  it  by  leaving  it  expofed  to  the  open  air  for  feveral. 
weeks,  with  two  pounds  weight  fufpended  to  it  :  I  then  fettle  it 
on  the  outfide  of  the  window  to  which  the  deferent  wire  is 
brought,  in  the  following  manner.  I  fallen  an  end  of  it  to  a  nail, 
and  then  make  it  go  three  times  round  a  pulley  which  is  placed 
twelve  feet  above  the  nail,  and  its  other  end  is  loaded  with  a 
weight.  This  firing  makes  the  axis  of  the  pulley,  together  with 
an  index  annexed  to  it,  move  in  company  with  the  pulley  ;  and 
the  index  (hews  the  degrees  of  moiflure,  from  20°  of  moiflure, 
to — •  200  of  drynefs,  on  a  round  piece  of  paper,  palled  in  the  in¬ 
fide  of  the  room  on  a  pane  of  glafs  in  the  window  :  every  one  of 
the  above  degrees  is  again  divided  into  ten  confpicuous  parts. 

1024.  With  regard  to  duration»  an  hygrometer  like  the  above, 
commonly  ferves  me  for  a  year,  or  more  ;  and  I  take  care  to  make 
proper  allowances,  or  corrections,  when  for  inllance  I  perceive, 
that,  during  very  rainy  weather,  which  continues  with  the  fame 
degree  of  hear,  the  hygrometer  does  not  conllantly  indicate  the 
fame  degree  of  moiflure,  &c. 

1025.  With  regard  to  llownefs  of  operation,  I  obviate  it,  as 
I  faid,  with  fhreds  of  ftraw.  With  a  fharp  penknife  I  fplit  the 
top  of  an  old  and  well  ripened  flalk  of  rye  into  four  parts  ;  I 
take  one  of  thefe,  I  flrongly  twill  it,  taking  care  not  to  break  its 
fibres,  and  I  infert  it,  thus  twilled,  through  a  fquare  piece  of 
wood,  out  of  which  it  gets  about  two  inches  on  each  fide  :  on  each 
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furface  of  the  piece  of  wood  degrees  are  marked,  and  over  thefe 
very  fine  Ihreds  of  untwifted  llraw  move,  which  are  inferted 
through  the  body  of  the  former  twilled  Hired.  This  kind  of 
hyg  rometer  moves  cn  firft  breathing  upon  it,  and  goes  over  feveral 
degrees,  before  the  index  of  the  other  hygrometer  with  a  firing 
begins  to  move  ;  it  have  found  it  particularly  ufeful  to  difcover 
the  firft:  moifture  of  the  nightly  dew  ;  I  for  that  purpofe  place  it 
out  of  the  window  at  night,  in  an  horizontal  fituation,  and  the 
upper  part  of  it  indicates  the  degree  of  the  moifture  from  above, 
and  the  under  part  indicates  the  moifture  which  any  how  takes 
place  underneath. 

1026.  Yet,  notwithftanding  the  care  that  may  be  ufed  in  that 
refpedl,  hygrometers  never  can  by  themfelves  indicate  the  abfo- 
lute  quantity  of  moifture  in  the  air,  nor  its  complete  relation  to 
the  Hate  of  the  atmofpheric  electricity  in  clear  weather. 

1027.  In  the  firft  place,  every  body  knows  how  the  air  inclofed 
in  a  bottle  of  glafs,  drains  the  dew  that  has  been  introduced 
into  it  the  night  before  ;  the  whole  atmofphere  operates  in  the 
fame  manner;  yet  hygrometers  may  very  well,  owing  to  the 
heat  of  the  day,  indicate  an  increale  of  drynefs,  while  the  air 
is  really  taking  in  continually  new  quantities  of  moifture. 

1028.  In  order  therefore  to  conje&ure  with  fufficient  exadlnefs 
the  abfolute  quantity  of  moifture  in  the  air,  a  thermometer  will 
be  ufeful,  but  much  more  fo,  an  hygrometer  which  is  fheltered 
from  variations  of  heat  and  cold.  However,  by  having  a  thermo¬ 
meter  placed  by  your  hygrometer,  you  may  pretty  exadtly  guefs  what 
quantity  of  moifture  the  external  air  requires,  and  can  keep  within 
itfelf  in  a  Hate  of  exa£t  dilfolution,  in  confequence  of  its  then 
degree  of  heat. 

1029.  I  fay  pretty  exactly,  becaufe  there  is  another  caufe^ 
beftdes  heat,  which  makes  air  take  moifture  in,  and  keep  it  in  a 
Rate  of  exadl  dilfolution,  that  is,  its  denfity,  owing  to  the  weight 
of  the  atmofphere  that  prelfes  upon  it  ;  and  this  additional  moifture 
it  depoftts  in  a  vilible  manner,  when  quickly  dilated  to  a  certain 
degree.  Therefore,  the  variations  of  the  barometer  may  likewife 
affili:  us  in  guefilng  with  greater  exadtnefs  that  quantity  of  moifture* 
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which  the  air  adlually  requires  and  may  keep  to  itfelf,  in  con-o 
quence  of  the  above  denfity. 

1030.  Befides  the  above  kind  of  denfity  of  the  air  near  the 
furface  of  the  earth,  there  is  another,  which  arifes  from  a  di¬ 
minution  of  its  heat.  The  fame  thermometer  therefore,  which 
by  riling,  indicates  that  the  air  begins  to  require  a  new  quantity 
of  moifture,  may  alfo  by  lowering,  that  is,  by  fhewing 
that  a  condenfation  takes  place  in  it,  indicate  the  very  fame 
thing. 

1031.  Tothefe  confiderations  on  the  moifture  of  the  air,  another 
may  be  added,  drawn  from  its  infulating  nature;  which  is,  that 
it  retains  and  flops  the  eledtric  fire  lefs  exactly,  in  proportion  as  it 
isheated  beyond  a  certain  degree. 

1032.  In  eftimating  this  power  of  air,  of  retaining  the  eledfric 
fire,  account  muft  alfo  be  made  of  its  different  degrees  of  denfity. 
Thus,  as  the  upper  part  of  the  atmofphere  is,  in  fair  weather, 
more  completely  free  from  moifture  than  the  lower,  it  will  in 
confequence  thereof,  more  completely  infialate  than  the  latter; 
but  then,  owing  to  its  greater  rarity,  it  will  alfo  allow  the  eledtric 
fire  to  rufli  through  intervals  proportionably  greater. 

1033.  I  mention  all  thefe  different  circumftances,  not  that  I  think 
that  obfervation  can  ever  enable  us  to  effimate  them  all  exadtly, 
and  that  any  geometrical  calculation  of  the  motions  of  the  elec¬ 
tricity  during  clear  weather,  may  be  grounded  upon  them  ;  but 
then  it  is  not  to  be  doubted  but  that  paying  a  great  attention  to 
all  the  above  different  things,  though  without  calculating  them 
exadtly,  will  prove  of  great  fervice  in  invefligating  both  the 
laws  and  the  caufe  of  the  eledlricity  in  queftion. 

1034.  To  the  above  extenfive  and  nice  confiderations,  great 
afiiduity  in  obferving  muff  be  added.  Thus,  to  fpeak  of  myfelf 
on  this  occafion,  whenever  I  have  fufficient  leifure  to  repair  hither, 
to  Garzegna,  where  befides  other  conveniencies,  I  meet  with  the 
advantage  of  folitude,  I  fpend  my  whole  time  in .  obferving.  I 
live  night  and  day  in  the  high  and  open  room  I  have  chofen  ; 
there  the  deferent  wire  brings  me  inceflant  information  of  the 
Rate  of  the  external  eledlricity,  and  fubjedts  it  to  a  very  fenfible 
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electrometer.  From  thence  furveying  all  parts  of  the  horizon 
around  me,  at  every  inflant  I  have  an  opportunity  of  comparing 
the  varying  date  of  this  electricity,  with  that  of  the  weather 
or  fky. 

103 5-  By  paying  due  regard  to  all  the  above  mentioned  con- 
fiderations,  and  to  leverai  others  l  iliali  have  occafion  fuccefiively 
to  mention,  as  well  as  by  oblerving  in  the  above  mentioned 
manner,  I  flatter  myfelf  1  have  brought  the  complicated  quedions 
on  the  motions  of  atmofpheric  electricity  during  clear  weather, 
to  very  Empie  terms,  which  I  now  proceed  to  lay  before  the 
reader. 

1036.  Proportion  VI.  The  jnoijlure  in  the  air  is  the  conflant 
conductor  of  the  atmofpheric  eie 51  ricity  during  clear  weather  ;  and  the 
quantity  offuch  eledlricity  is  proportioned  to  that  quantity  of  the  above 
moifture  which  furrounds  the  exploring  wire  ;  except  fuch  moifure 
alfo  lejjens  the  exadlnefs  of  the  inflation  both  of  this  wire  and  of  the 
atmofphere. 

1037.  I  do  not  mean  in  this  propofition  to  point  out  the 
principle  itfelf  which  produces  the  electricity  in  queltion,  but 
only  to  afcertain  that  medium  in  which  it  is  inherent,  and  to 
the  quantity  of  which  it  is  generally  proportioned. 

1038.  I  think  it  will  not  be  amifs  to  fay  fomething  con¬ 
cerning  the  manner  after  which  I  have  invelligated  the  above 
truths  :  a  few  particulars  of  that  kind  will  the  more  naturally 
lead  the  reader  to  the  knowledge  of  the  fubjeCt.  And  in  the 
firft  place,  I  have  endeavoured  to  procure,  as  nearly  as  I  could, 
fòme  kind  of  meafure  of  the  real  quantity  of  eleCtric  fire, 
which  in  calm  weather,  manifefted  itfelf  around  the  exploring 
wire. 

1039.  The  following  is  a  fketch  of  the  electrometer  I  have 
employed  here  in  Garzegna.  I  have  before  mentioned  that  I  had 
fixed  a  piece  of  cryftal  in  a  wooden  pane,  placed  in  the  window  : 
this  piece  of  cryftal,  which  is  pretty  thick,  has  been  bored 
through  in  the  middle;  and  through  the  hole  made  in  it  a  pretty 
long  male  fcrew  is  inferted,  terminated  outward  in  a  ring,  to  which 
the  hook  of  the  deferent  wire  is  fattened.  To  the  other  end  of 
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the  male  fcrew,  which  lies  within  the  room,  another  fcrew  Is 
fattened,  which  terminates  in  a  brafs  rod  :  this  brafs  rod  is  of 
courfe  placed  in  a  perpendicular  fituation  to  the  furface  of  the 
above  piece  of  cryttal  ;  and  upon  it,  by  means  of  a  proper 
fupport,  the  electrometer  is  railed.  This  electrometer,  as  I 
formerly  laid,  confifts  of  two  fmall  balls  of  pith  of  elder,  one 
line  in  diameter  ;  a  fmall  femicircular  fheet  of  brafs,  placed  per¬ 
pendicular  to  the  above  brafs  rod,  keeps  the  threads  feparated, 
that  they  may  not  entangle  together  ;  thefe  threads  are  fixteen 
lines  long,  very  fine  and  even,  and  1  keep  them  wet  with  falted 
water. 

1040.  In  order  to  meafure  the  divergence  of  the  balls,  a 
femicircular  piece  of  paper  is  patted  at  fome  diftance  behind 
them,  on  the  piece  of  cryttal  ;  this  piece  of  paper  is  properly 
graduated,  and  parted  into  two  quadrants,  by  an  interval  equal 
and  correfponding  to  the  thicknefs  of  the  above  fheet  of  brafs. 

1041.  This  kind  of  electrometer,  which  is  extremely  fenfible, 
together  with  that  of  Mr.  Elfmey,  which  is  put  in  motion  only 
by  a  ttronger  electricity,  may  enable  an  obferver  to  meafure  the 
different  degrees  of  electricity,  with  great  exactnefs  ;  efpecially, 
if  the  fmall  pendulum  of  the  electrometer  of  Mr.  Elfmey  be 
placed  between  two  quadrants  ;  for  while  it  is  placed  over  one 
only,  part  of  the  electricity  of  the  latter  is  employed  in  repelling 
it,  and  yet  it  is  from  that  part  alone  of  the  motion  of  the  ball, 
which  is  parallel  to  the  quadrant,  that  the  whole  electricity  is 
commonly  determined. 

1042.  In  making  the  above  obfervations  on  the  electricity  of 
the  atmofphere  during  clear  weather,  1.  foon  perceived  that  it  was 
equally  effential  to  make  account  of  the  frequency  of  this 
electricity,  that  is,  of  the  velocity  with  which  it  arofe  again  after 
being  annihilated,  as  of  its  intenfity  itfelf.  In  fact,  the  quantity 
of  the  electric  fire  which  accumulates  in  the  exploring  wire* 
continually  varies,  according  to  circumftances  j.  and  this  quantity 
is  not  lefs  conftantly  proportioned  to  the  divergence  produced  by 
the  electricity  in  queftion,  than  to  the  frequency  of  it>  This 
frequency  I  have  commonly  computed  from  the  number 
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of  feconds  which  elapfed  before  the  balls  again  manifefied  any 
lign. 


1043.  In  the  firft  place,  I  have  confiantly  obferved  that, 
whenever  the  eleCtricity  obtained,  while  the  air  was  damp, 
whether  fuch  dampnefs  arofe  from  the  heat  of  the  air,  whhh 
enabled  it  to  take  in  a  greater  quantity  of  moifiure,  or  its 
denfity,  or  whether  it  was  accumulated  only  in  the  vicinity  of 
the  exploring  wire,  this  eleCtricity  was  more  frequent,  than 
when  the  air  was  dry  to  any  great  degree. 

1044.  In  faCt,  while  fuch  a  dry  Rate  of  the  atmofphere  as 
above  obtains,  more  than  a  minute  is  fometimes  requisite  to 
have  the  electrometer  again  mmifeft  fome  fign  of  eleCtricity; 
whereas  in  the  damp  fiate  of  the  air  I  mention,  (efpecially  if  fuch 
dampnefs  proceeds  from  heat,  for  then  it  lelfens  much  lefs  the 
exaCtnefs  of  the  infulation)  a  fecond  of  time  has  fcarce  elapfed 
when  very  rapid  ofcillations  of  the  balls  again  take  place  between 
my  finger,  and  the  fheet  of  brafs  which  ftands  between  them. 

1045.  Such  confiant  obfervation  rendered  it  evident  to  me, 
that  in  the  abovementioned  damp  fiate  of  the  weather,  a  much 
greater  quantity  of  electricity  was  exerted  around  the  exploring 
wire,  than  in  dry  weather.  But  that  fame  great  quantity  of 
eleCtricity  was  but  very  inconfiderable,  when  compared  to  that 
quantity,  which,  muft  needs  be  difiipated  from  both  the  atmo¬ 
fphere  and  the  wire,  in  confequence  of  their  infulation  being 
lefiened  by  the  dampnefs  of  the  air  we  fuppofe. 

1046.  This  conclufion  which  1  drew  by  analogy  from  other 
cleCtric  experiments,  was  moreover  immediately  demonftrated 
to  me  by  the  different  accidents  I  obferved  in  the  atmofpheric 
eleCtricity  itfelf  during  clear  weather.  I  confiantly  found  that, 
whenever  a  dampnefs  arofe  in  the  air  from  cold,  efpecially  when 
the  vapours  gathered  and  condeofated  near  the  furface  of  the 
earth,  the  frequency  of  the  eleCtricity  indeed  increafed,  but  its 
intenfity  was  lefiened  :  now,  this  decreafe  of  the  intenfity  of  the 
eleCtricity,  combined  with  the  increafe  of  its  frequency,  certainly 
indicates  a  very  great  deperdition  of  the  fame. 
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1047.  Whence  we  are  to  conclude,  that,  however  true  it  may 
be,  that  the  quantity  of  the  eleCtric  fire  which  is  exerted  in  the 
atmolphere  during  clear  weather,  is  proportioned  to  the  quantity 
of  moifiure  contained  in  it,  yet,  as  this  very  moliture  is  the  con¬ 
ductor  of  fuch  fire,  it  thence  follows,  that  whenever  a  fomewhat 
confiderabie  and  lafiing  condenfation  of  it  takes  place,  every 
perceivable  fign  of  electricity  mufi  ceale  in  the  exploring 
wire. 

1048.  Propofition  VII.  The  eleblricity  that  takes  place ,  when 
the  weather  clears  upy  I.  is  always  of  the  excejjive  kind,  II.  When 
the  weather ,  in  clearing  up ,  moreover  wants  a  great  degree  of  drynefs  9. 
and  acquires  it  at  a  great  rate ,  the  e  ledi ricity  rifes  to  a  great  degree 
of  intenjity ,  accompanied  by  a  proportional  frequency ,  which  latter 
however  grows  lef  as  the  drynefs  of  the  weather  increafes  farther, 
III.  It  Jome times  happens  that  the  electricity  caufed  by  the  clearing 
of  the  weather ,  continues  in  its  fiate  of  intenjity  for  a  long  while ,  or 
alfo  that ,  after  being  interrupted ,  it  begins  afrcfh  ;  thefe  accidents  feem 
to  be  owing  to  fuch  eledlricity  being  brought  over  by  the  wind  from 
great  difiances, 

3049.  As  to  the  firfi  part  of  the  above  propofition,  it  is 
confirmed  by  conftant  experience.  I  am  fo  ufed  to  find  the  at- 
mofpheric  eleCtricity  in  an  exceffive  fiate,  when  the  weather  is 
clearing  up,  that  as  foon  as  I  perceive  the  thick  lower  clouds 
over  my  head  begin  to  break,  and  the  rare  even  clouds  above 
them  grow  dilated,  the  rain  having  alfo  ceafed  every  where 
elfe,  and  at  the  fame  time  find  the  balls  of  my  electrometer 
diverge,  I  write  down  excefs ,  tendency  to  clear  weather  ;  nor  has. 
it  ever  happened  that  the  fubfequent  trials  I  made  in  that  refpeCt, 
fhewed  me  that  I  had  too  haftily  judged  of  the  nature  of  the 
atmofpheric  electricity  under  fuch  circumfiances. 

1050.  The  fecond  part  of  the  above  propofition,  concerning 
the  peculiar  intenfity  and  frequency  of  the  atmofpheric  eleCtricity, 
while  the  weather  is  clearing  up,  is  alfo  conformable  to  a  number 
of  obfervations  I  have  made  in  that  rcfpeCt  :  here  follows  the 
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manner  in  which,  in  my  Letters,  pag.  126  I  defcribed  one  of 
thefe  obfervations,  which  I  had  made  with  a  kite. — While  I 
was  amufing  myfelf  with  obferving  how,  in  proportion  as  the 
weather  cleared,  the  brifknefs  of  the  electricity  encreaied,  I  had 
the  thought  of  running  a  pin  through  the  pack-thread  which 
held  the  kite,  when  I  foon  faw  a  very  confpicuous  brulli  of  fire 
fpring  from  its  point  towards  my  finger,  the  light  of  which  con¬ 
tinuali  y  encreafed  ;  fo  that,  though  I  at  lad  prefented  another 
pin  to  another  part  of  the  packthread,  and  a  dar  appeared  upon 
it,  yet  the  former  brulli  was  not  entirely  fupprefied.”  This  ex¬ 
periment  lalled  from  one  o’clock  in  the  afternoon,  till  an  hour 
after  fun-fet,  and  fupplied  me  with  a  very  favourable  opportu¬ 
nity  of  obfèrving  the  joint  progrefs  both  of  the  weather  in  clearing 
up,  and  of  the  atmofpheric  electricity. 

1051.  The  fubfequent  obfervations  I  have  made  with  ex¬ 
ploring  wires,  have  fince  pointed  out  to  me  that  circumstance 
which,  when  the  weather  is  clearing  up,  particularly  contributes 
to  make  the  atmofpheric  electricity,  which  of  itfelf  is  in  an  ex- 
ceflìve  Hate,  to  be  moreover  particularly  intenfe  ;  which  circum¬ 
stance  is  the  fame  as  that  expreffed  in  the  prefent  propofition, 
which  is,  when  the  weather,  from  a  damp  date,  quickly  paffes^ 
to  a  date  of  confiderable  drynefs. 

1052.  To  the  above  obfervation,  the  anfwer  is  very  con¬ 
formable,  which  Prior  Ceca  fent  to  a  question  I  had  propofed 
to  him,  concerning  the  date  of  electricity,  when  the  weather 
clears  up.  *f  If  when  the  rain  has  ceafed  (the  Prior  faid  to  me) 
a  drong  exceffive  eleCtricitv  obtains,  it  is  a  fign  that  the  weather 
will  continue  fair  for  feveral  days  ;  if  the  ele&ricity  is  but  fmall, 
it  is  a  fign  that  luch  weather  will  not  lad  fo  much  as  that: 
whole  day,  and  that  it  will  foon  be  cloudy  again,  or  even  will 
again  rain.”  And  in  faCt,  it  is  very  natural  that  a  connection 
takes  place  between  the  date  of  amofpheric  electricity,  and  the 
production  of  lading  fair  weather,  fince  the  latter  is  effected  by 
a  complete  diffolution  of  the  atmofpheric  moidure  ;  efpecially 
when  fuch  diffolution  is  quickly  effected. 
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1053.  And  the  obfervation  I  made  juft  the  day  before 
yeflerday,  is  quite  conformable  to  the  above  prognoflic.  From 
the  30th  of  A p < i  1  till  then,  the  weather  had  been  rainy.  “  This 
morning,  May  8,  the  weather  begins  to  clear  up  ;  the  hygrometer, 
(which  very  early  was  at  -|-  19  f)  is  now,  at  7  o’clock  30'fn.  at  T 

17  j  detached  clouds  are  pafiing  over  the  obfervatory . 

Small  excels  ....  at  eight  o’clock,  40m.  the  return  of  fair 
weather  is  decided  ;  the  clouds  are  gradually  diflipating,  though 
no  wind  blows,  See.  In  confequence  thereof,  I  find  that  the 
elediricity  is  fo  increafed  that  the  balls  of  the  electrometer  diverge 
20°  ;  in  its  highefl  fiate  it  reaches  to  25°;  but  it  frequently  falls 
quickly,  nor  does  it  rife  again,  but  after  a  minute  of  time.  .  .  . 
The  iky  is  without  clouds  to  the  diflance  of  about  450  degrees 
from  the  zenith,  I  think  that  the  above  quick  falls  of  the  balls 
arife  fiorn  the  moiflure  in  the  air,  which  during  the  clearing 
of  the  weather,  is  depofiting  on  the  glafs -flicks  by  which  the 
exploring  wire  is  infulated,  which  moiflure  produces  a  kind  of 
imperfedt  communication  on  the  furface  of  thofe  flicks,  which 
only  allows  the  above  elediricity  to  difilpate  itfelf  through  it, 
when  it  has  rifen  to  the  above  degree  of  intenlity.  A  great  calm 
il  ill  continues  to  prevail,  fo  far  as  I  can  judge  from  the  bandrole 
of  the  weather-cock.  At  9  o’clock  50m.  the  elediricity  rifes 
again  to  25°,  then  begins  to  fail.  .  .  then  rifes  again.  .  .  . 
Thefe  alterations  continue  till  11.  15';  afterwards  the  intenfity  of 
the  elediricity  leflens,  as  well  as  its  frequency  ;  the  hygrometer 
flands  at  -  6.  ...  .  At  noon  it  flands  at  —  10.  .  .  In  the  afternoon 
the  divergence  is  of  I2°j  the  hygrom.  flands  at — 12,  2 about 
fun-fet  the  divergence  is  of  8°.” 

10^4  The  above  alternative  falls  of  the  elediricity  ferve  to 
fliow  the  £  a  life  of  that  particular  kind  of  elediricity  which  obtains 
when  the  weather  is  clearing  up,  which  is  the  quicknefs  with 
which  the  moiflure  in  the  air  is  then  difiolving.  To  this  the  re¬ 
viving  of  fuch  elediricity,  which  rofe  to  20°,  or  even  to  250,  only 
after  a  minute’s  time,  is  very  conformable  :  when  an  elediricity 
obtains  in  dry  weather,  it  is  a  very  common  thing  that  a  longer 
time  than  that  elapfes,  after  it  has  been  deflroyed,  before  it  again 
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rifes  only  to  6°.  However,  I  will  add  with  refped  to  the  above 
prognoftic,  that  the  weather  continued  fair  yefierday,  and  to¬ 
day. 

1055.  Lafily,  the  third  part  of  this  proportion  has  for  its 
object,  a  kind  of  eledricity  analogous  to  the  former,  which,  after 
the  weather  has  completely  cleared  up,  continues  to  obtain,  or 
fometimes  will  rife  afrefh  :  fuch  accidents  I  have  pretty  confiantly 
obferved  here  in  Garzegna,  when  a  cold  wind  blew,  caufed  by  the 
fnow  that  had  fallen  on  the  neighbouring  mountains.  Thus,  on 
the  4th  of  Odober  1769,  the  eledricity  o i  clearing  weather,  which 
here  had  ended  about  noon,  began  afrefh  about  three  o’clock,  and 
I  wrote,  as  I  find  in  my  Journal,  that,  “  probably  the  eledricity  of 
clearing  weather,  on  the  mountains,  which  continued  clouded 
pretty  late  in  the  day,  did  only  reach  us  in  the  afternoon  j  and 
that  the  above  cold  wind  was  blowing  from  thefe  mountains.’* 

1056.  In  the  Iaft  propofition  I  have  confidered  the  fiate  of 
eledricity  during  the  clearing  of  the  weather,  which  is  the  one  of 
the  limits  between  cloudy  and  ferene  weather.  I  propofe  now  to 
confider  its  fiate,  while  clouds  are  gathering,  which  is  the  other 
limit  between  ferene  and  cloudy  weather. 

1057.  Propofition  VIII.  If  while  the  Jky  grows  clouded  over 
the  place  of  the  obfervation,  only  a  high  cloud  is  formed ,  without 
any  fecondary  clouds  under  it,  and  fuch  cloud  is  not  an  extenfon  of  a 
cloud  that  drops  rain  elfwhere,  in  fuch  cafe  I  fay ,  either  no  eledricity 
takes  place ,  or  it  is  an  eledricity  oj  an  ex  cefi  ve  kind.  If  the  clouds 
which  are  gathering ,  are  Jhaped  like  locks  of  wool ,  and  continue  in  a 
fate  of  motion  from  and  to  each  other ,  or  if  the  general  cloud  which 
is  forming  lies  very  high,  and  is  ft  retched  downwards  like  defending 
fmoke,  then  a  frequent  exceftive  eledricity  commonly  takes  place,  which 
is  snore  or  lefs  Jlrong ,  in  proportion  to  the  auicknefs  with  which  this v 
cloud  is  forming,  and  it  forejhows  the  greater  or  lefs  quantity  and, 
velocity  of  the  rain  or  fnow  which  is  to  follow.  II.  When  a  rarey, 
even,  and  extenfive  cloud  is  forming,  which  darkens  much  the  ufual 
colour  of  the  Jky,  and  turns  it  into  a  grey  colour,  an  excefs  of  peculiar 
both  intenfity  and  frequency  takes  place  ;  but  in  proportion  as  the 
gathering  of  fuch  cloud  Jlackens ,  this  excefs  lejfens,  or  even  fails . 
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On  the  contrary ,  if  the  rare  extenfive  cloud  we  fuppofe ,  continues  to  he 
gradually  forming  of [mailer  clouds ,  like  locks  of wool ,  which  are  continual¬ 
ly  joining  to  and  parting  from  each  other,  the  excefs  commonly  continues. 
Ili.  Loia  and  thick  fogs,  [efpecially  when,  in  their  rfng ,  they  fnd 
the  air  above  them  pretty  free  from  moifiure)  carry  up  to  the  ex¬ 
ploring  wire,  when  they  reach  it,  an  elettri  city  which  becomes  manifefled 
by  frequent  little  /parks,  and  produces  a  divergence  of  20° ,  25°,  or 
even  30 'A  JJ  the  fog  grows  fluggifk,  and  continues  around  the  ex¬ 
ploring  wire,  all  elettricity  foon  fails  :  if  it  continues  to  rife,  and 
another  cloud  fucceeds,  it  brings  to  the  wire  a  fre/h  elettricity,  though 
lefs  than  the  former .  Sky-rockets  fent  through  fucli  thick,  low 
and  continued  fogs  have  often  a  forded  me  figns  of  elettricity.  How¬ 
ever,  I  never  happened,  under  any  one  of  the  circumflances  above 
defcribed,  to  meet  with  an  inf  ance  of  defettive  elettricity  ;  except 
perhaps  once,  when  1  fent  a  fky  -rocket  ( to  which,  like  to  thofe  above , 
a  long  firing  was  fixed j  through  a  low  thick  fog  ;  though  I  had  af¬ 
terwards  every  reafon  to  think  that  I  had  mjfiaken  a  falle  little  fiar, 
for  a  true  one. 

1058.  With  refped  to  the  firft  part  of  the  above  propofition, 
viz.  the  conflant  prevalence  of  an  exceffive  electricity,  in  the 
circumflances  above  defcribed,  I  have  afeertained  it  but  lately. 
The  feveral  manners  in  which  clouds  are  formed,  are  complicated 
with  numbers  of  different  accidents,  which  I  have  been  obliged 
clofely  to  obferve  for  many  years  ;  and  it  has  only  been 
by  ufing  much  patience,  that  I  have  been  able  to  difeern  effential 
and  charaCteriftic  differences  between  them,  and  thus  to  derive 
fome  real  information  from  my  numerous  obfervations. 

1060.  In  regard  to  the  fecond  part  of  the  above  propofition, 
viz.  the  formation  of  thofe  thin,  even,  extenfive  clouds,  which  for 
the  time  being,  make  the  fky  appear  of  a  grey  colour,  Ihave  made 
abundance  of  obfervations,  with  the  apparatus  which  I  fettled 
on  the  Valentin,  in  the  fpring  of  the  year  1 757.  On  the  nth. 
of  May  the  very  long  rope  was  fixed,  which  extended  over  the 
river  Po,  from  the  Villa  of  the  Miffion,  to  the  Valentin;  and 
from  this  rope,  an  iron  wire  was  continued  to  the  portico  of  the 
botanic  garden  :  here  follow  the  words  of  my  Journal,  as  they 
were  written  by  Sig.  Canonica,  who  affifted  mein  my  obfervation. 

“  On 
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<(  On  the  12th  of  May,  at  2  in  the  afternoon,  frequent  fmall  fparks 
take  place,  while  the  fky  is  overfpread  with  whitifh  vapours.” 
Again,  “  on  the  23d  of  the  fame  month,  a  perfeCt  calm  ;  the 
fky  is  overfpread  with  whitifh  vapours  ;  the  electric  figns  prove 
either  ftrong,  or  weak,  according  as  the  fky  is  more  or  lefs  co- 
pioufly  covered  with  fuch  vapours.” 

1061.  In  my  firfl;  obfervations  on  Superga,  I  took  notice,  in  the 
fame  manner,  of  the  particular  kind  of  electricity  which  is  de- 
fcribed  in  the  fecond  part  of  the  prefent  propofition.  The  ap¬ 
paratus  had  been  fixed  on  the  24th  of  February,  1770.  “  On 

the  28th  the  fky  having  been,  at  fun-rife,  pretty  clear  and  free 
from  clouds,  the  atmofphere  begins  to  be  loaded  with  a  rare  fog, 
which  condenfates  as  it  rifes;  while  it  thus  keeps  rifing,  and 
between  6  and  7  in  the  evening,  the  wire  affords  frequent  figns  ; 
afterwards  they  ceafe,  the  above  faid  rare  cloud  being  already 
very  high,  and  converted  into  numbers  of  fmall  whitifh  clouds, 
united  to  each  other.  On  the  firft  of  March,  at  9  in  the  morning, 
the  air  begins  to  be  loaded  with  vapours,  yet  they  are  fo  rarefied  as 
to  form  no  cloud  ;  the  wire  is  electrified  by  excels  ;  thefe  vapours 
grow  gradually  thick  enough  to  make  the  light  of  the  fun  appear 
of  a  whitifh  colour,  and  both  the  brifknefs  and  frequency  of  the 
figns  increafe  ;  about  10.  45'.  the  vapours  continue  to  rife,  and 
Leverai  whitifh  ffreaks,  formed  by  little  clouds,  begin  to  be  formed, 
when  the  electricity  fo  increafes  as  to  afford  fix  or  eight  fmall 
fhocks,  every  minute.  On  the  fecond  of  the  fame  month,  in  the 
morning,  the  vapours  fiill  continuing  to  rife,  the  electricity  proves 
the  fame  as  yefierday,  &c.  On  the  third,  about  10,  the  wind 
falls;  at  io~  the  wire  refumes  a  middling  degree  of  electricity, 
which  lafis  in  that  fiate  the  whole  day;  no  well  formed  clouds, 
but  only  a  great  quantity  of  vapours  appearing  in  the  air,”  &c. 
The  above  obfervations  have  fince  acquired  a  continually  new 
degree  of  precifion,  from  thofe  I  have  made  in  the  Valentin,  on 
Superga,  here  in  Garzegna,  and  in  the  Aftronomical  Obfervatory 
in  Turin.  * 

1062.  I  fhall  dwell  fomewhat  longer  on  the  third  part  of  the 
prefent  propofition,  viz.  the  electricity  produced  by  a  thick  fog 
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which  rifes  ;  as  it  has  been  the  fubjedt  of  my  firfl  experiments, 
which  began  in  the  year  1756,  and  which  I  have  described,  in 
my  fir  ft  Letters  to  Sig.  Beccari.  (See  Letters  toSig.  Beccati,  num. 

67) 

1063.  “  On  the  fecond  of  December,  after  a  low  thick  fog 
had  prevailed  for  leverai  days,  which  had  kept  both  fun  and  liars 
conllantly  hidden,  and  the  weather  continuing  in  that  fame  Hate, 
fo  that  a  man  could  not  be  perceived  at  the  diftance  of  thirty 
Heps,  I  railed  a  fky-rocket,  about  2~  in  the  afternoon  ;  the  firffc 
made  the  flaxen  thread  move  immed lately,  and  with  great  force  ; 
indeed,  this  thread,  which  was  of  itfelf  much  w'rinkled,  became 
flretched  into  a  completely  right  line,  and  fo  did  all  its  different 
filaments  :  I  moreover  could  perceive  a  light  on  its  lower  ex¬ 
tremity.” 

This  light  fuggelled  the  idea  to  me  of  ufing  the  eledlric 
lanthorn  :  I  warmed  its  neck,  and  carried  it  to  the  place  of  the 
experiment,  wrapped  in  warm  cloths,  which  were  to  be  taken  off 
only  after  the  fky-rocket  was  raifed.  Having  fent  up  the  rocket,  I 
eafily  perceived  a  real  little Jlar  within  the  lanthorn,  which  corref- 
ponded  to  the  firing  which  was  faflened  to  the  rocket:  this  little 
flar,  however,  I  only  perceived  after  the  rocket  had  rifen  to  a  great 
height  ;  nor  did  I  fee  it  but  during  an  inflant.” 

“  On  the  third  of  December,  the  weather  continuing  in  the 
fame  foggy  fiate,  except  that  the  fog  was  fomewhat  higher,  I 
again  fent  up  two  rockets,  and  the  fame  accidents  took  place.” 

“  On  the  fourth  I  repeated  'the  experiment,  in  the  Hall  of 
experiments  in  the  Univerfity,  in  order  to  exhibit  it  before  the 
Students  of  Natural  Philofophy,  who  come  there  at  fettled  days; 
when  the  experiment  fucceeded  very  well  ;  only  the  ele&ric  figns 
were  neither  fo  quick,  nor  fo  flrong  as  in  the  former  ones:  the 
fog  was  in  great  meafure  vanifhed  ;  the  fky  indeed  continued  to  be 
overfpread  with  clouds,  but  they  lay  high,  and  began  to  dilate  : 
the  above  experiments  was  made  between  9  and  1 1  in  the  morning; 
and  at  noon,  after  twelve  days  of  foggy  and  cloudy  weather,  the 
fun  made  its  appearance.” 
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1064.  Thefe  experiments  on  fogs,  which  were  the  only 
fubjeCt  of  the  Letters  I  wrote  to  Sig.  Beccari,  are  but  few,  when 
compared  to  thofe  I  continued  to  make,  during  the  winter  of 
that  fame  year.  “  In  order  (I  faid  in  one  of  thefe  Letters)  to 
avoid  the  tedious  narrative  of  all  the  numerous  attempts  and 
experiments  I  have,  till  now,  continued  to  make,  I  (hall  only 
indicate  here  the  different  methods  I  have  ufed  for  making  fucli 
experiments,  leaving  for  another  occafion  the  account  of  their 
precife  refults,  (Let.  num.  73.)  and  in  the  fird  place,  I  have 
during  the  courfe  of  the  lad  winter,  frequently  raifed  rockets,  and 
explored  the  ele&ricity  of  the  atmofphere,  conformably  to  the 
method  defcribed  in  my  lad.”  Now,  that  phenomenon  which 
mod  excited  my  curiolity  was  the  eledricity  of  fogs. 

1065.  During  that  fame  winter  I  had  made  experiments  upon 
fogs,  only  with  rockets.  The  fird  time  I  have  obferved  their  elec¬ 
tricity  with  wires,  was  towards  the  end  of  that  winter  (Let.  num. 
75).  “  On  the  latter  end  of  March,  I  climbed  the  high  and 

deep  mountain  of  St.  Michael,  and  there  I  dretched  and  infulated 
feveral  iron  wires  ;  the  one  in  the  direction  of  the  Meridian  of 
the  Monaftery,  to  the  ruins  of  the  Sepulchre,  which  was  1600 
feet  long;  another  120  feet  long  from  the  fame  place,  and  in 
the  fame  direction,  to  a  battlement  of  the  Monaftery  ;  another, 

1 12  feet  long,  at  the  fame  height,  and  eadwards,  to  a  dore-houfe  ; 
another  160  feet  long,  from  the  deeple  to  the  ruins  of  a  portico, 
wedwards  ;  and  ladly,  I  fixed  a  pole  on  the  top  of  the  Church, 
on  which  I  had  infulated  a  metallic  point  with  a  glafs  dick,  and 
another  iron  wire  40  feet  long,  extended  from  this  point  to  the 
neighbouring  deeple.” 

1066.  It  was  then  I  fay,  I  had,  for  the  fird  time,  an  oppor¬ 
tunity  of  obferving  the  electricity  of  fogs,  with  exploring  wires  : 

I  had  fettled  them  on  fuch  a  high  fpot,  and  made  them  of  fuch 
great  extent,  in  order  condantly  to  obtain,  by  their  means,  the 
fame  electricity  as  I  had  till  then  fought  to  procure  wfith  kites, 
which  can  only  be  ufed  when  the  wind  blows  deadily.  One 
day,  to  come  to  the  point,  as  we  were  preparing  to  leave  the 
mountain,  and  were  going  to  take  our  wires  down,  a  fog  arofe 
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clofe  to  the  eaft  fide  of  the  mountain.  Having  perceived  this, 
Sig.  Borghefi,  who  is  now  a  Phyfician  at  Saluzzo,  and  I,  ran  to 
the  wire  of  the  dcre-houfe,  which  the  fog  had  fcarcely  begun  to 
furround,  when  it  afforded  little  fparks,  continued  and  pretty 
brifk  j  but  they  foon  ceafed,  having  lafted  rather  lefs  than  a 
minute  :  they  began  afrefh  twice,  but  continued  a  lefs  time,  and 
were  weaker  than  the  former  ;  which  was  owing  to  the  fog  then 
leaving  the  wire  and  as  that  which  fucceeded  it,  grew  fluggifh. 
and  condenfated  itfelf  around  both  the  wire  and  the  whole 
mountain,  it  put  an  end  to  all  ele&ricity. 

J067.  This  obfervation  created  in  me  a  greater  defire  of  re^ 
newing  it,  than  of  giving,  as  yet,  any  public  defcription  of  it* 
In  the  Valentin,  either  during  that  Summer,  or  the  following, 
I  had  no  opportunity  of  meeting  with  a  like  inftancc,  efpecially 
becaufe  I  could  not  go  there  early  enough.  As  for  this  place, 
Garzegna,  it  is  but  a  bad  fituation  for  observing  fogs  j  they  either 
never  reach  it,  or  only  do  fo  in  cloudy  or  rainy  weather. 

1068.  With  refpeCt  to  the  other  obfervations  I  have  attempted 
to  make,  here  in  Turin  in  the  Afironomical  Obfervatory,  when 
it  was  fird  eftabliflied,  and  in  Snperga,  I  (hall  defcribe  them  on 
fome  other  occafion  :  I  mean  here  to  fpeak  of  fogs,  no  otherwife 
than  as  one  of  the  limits  between  ferene  and  cloudy  weather  : 
however,  fince  I  am  treating  this  fubjedl,  and  two  ingenious 
Englifh  Gentlemen,  Meff.  Ronayne  and  Henley  *  have  alfo  of 
late  invefligated  it  by  different  methods,  I  (hall  here  fubjoin  a 
few  queflions  I  propofed  about  it,  in  my  Letters  to  Sig.  Bec- 
cari,  num.  451.  “  Now,  do  not  low,  fluggifh,  and  thick  fogs 

alfo  depend,  at  lead  in  part,  on  the  aerial  electricity  ?  It  is 
enough  for  me  to  confider  that  neither  the  ground,  nor  the  walls, 
nor  cieling  of  my  room,  prevent  my  giving  fuch  eledtricity 
to  the  air  in  it,  as  lads  for  a  very  long  while,  to  underdand 
how,  notwithftanding  the  contaót  cf  the  earth,  an  aerial  elec¬ 
tricity  may  exid,  extremely  apt  to  raife  and  adtuate  the  above 

*  The  aboye.  gentleman  is  the  fame,  who,,  owing  to  a  miftake  in  the  Italian  origi¬ 
nal,  has  been  called  Elfmcy,  in  the  1041ft  paragraph,  p.  434. 
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mentioned  fogs.*’— I  then  continued,  num.  452,  “  Certainly, 

among  the  many  effeCts  which  aerial  electricity  may  produce, 
the  following  is  abundantly  confirmed  by  experience,  viz.  that 
all  the  vapours,  or  moift  effluvia  whatever,  which  are  any  how 
brought  to  rife  in  the  atmofphere,  or  which  fwim,  or  defcend  in  it, 
are  afFeCted  by  the  aerial  ele&ricity,  in  their  abfolute  as  well  as 
relative  motions.  Thus  for  inftance,  feveral  admirable  accidents 
of  the  dew,  or  of  the  hoar-froft,  the  tendency  of  their  drops,  or 
icicles,  to  certain  particular  bodies, — this  tendency  obtaining  from 
all  Tides,  though  more  particularly  directed  to  the  angles,. edges, 
and  points  of  fuch  bodies,  all  thefe  are  accidents  which  fuppofe 
a  perpetual  electricity  in  the  atmofphere,  &c. 

1069.  Propoli tion  IX.  When ,  during  clear  'weather ,  a  cloud 
happens  to  pafs  over  the  wire,  which  is  low ,  tardy  in  its  pr ogre fs, 
and  fmgle ,  that  is ,  confiderably  dijlant  from  any  other ,  the  elettri  city 
by  excefs  commonly  weakens  pinch ,  but  does  not  turn  into  a  defective 
one  ;  and  when  the  cloud  is  gone,  it  returns  to  its  former  fate . 
II.  When  numbers  of  whitifh  clouds,  like  locks  of  wool,  keep  over  the 
wire,  continually  uniting  with,  and  parting  from,  each  other,  and  thus 
forming  together  a  body  of  pretty  confderable  extent,  the  electricity  by 
excefs  commonly  increafes .  III.  In  all  the  above  circumjlances  the 
elediricity  by  excefs  never  turns  into  a  defedi ive  one . 

1070.  In  the  two  preceding  proportions  I  have  treated  of 
the  two  limits  between  clear  and  cloudy  weather,  viz.  its  clearing 
up  after  rainy  weather,  and  its  growing  cloudy  after  fair  weather  : 
in  this,  I  confider  the  two  different  manners  in  which  this  latter 
change  is  effected.  The  whole  of  my  fucceflive  obfervations 
authorifes  me  to  lay  down  an  effential  didinCtion  in  that  refpeCt, 
and  to  indicate  what  clouds  increafe,  what  leffen  the  eleCtricity; 
a  thing  about  which  I  expreffed  myfelf  but  incompletely  in  my 
Letters  to  Sig..  Beccari,  (pag.  167.) 

1070.  The  clouds  which  weaken  the  electricity  are  thofe 
which  proceed  flowly  :  for  I  have  in  different  inftances  happened 
to  fee,  during  clear  weather,  portions  of  clouds  which  the  wind 
had  detached  from  the  body  of  thofe  around  the  mountains,  and 
which  it  tranfported  rapidly  and  pretty  exaCtly  united  into  one 
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body,  over  the  exploring  wire,  remarkably  increafe  its  electricity  : 
the  fame  I  find,  has  alfo  been  obferved  by  Sig.  Prior  Ceca. 

1071.  Such  clouds,  moreover  are  low  j  for  all  thole  which  I 
have  found  more  remarkably  to  lefien  the  electricity,  appeared 
to  be  much  fo,  from  the  great  diftinCtivenefs  of  their  parts,  the 
darknefs  of  their  lower  furtace,  and  the  limits  to  which  this  dark- 
nefs  was  confined,  relatively  to  the  then  fituation  of  the  fun. 

1072.  Lafily,  I  farther  diftinguifh  thofe  clouds  by  faying  that 
they  form  only  one  body,  and  are  entirely  fevered  from  other 
clouds.  With  refpeCt  to  all  thofe  characteristics  of  the  clouds  I 
mention,  they  are  very  eafily  difiinguifhed.  Number  of  fuch 
clouds,  for  infiance,  are  to  be  feen  in  fummer-days,  efpecially 
when  (Lowers  of  rain  take  place  at  no  great  difiances  ;  they  are 
not  much  raifed  above  the  horizon,  and  are  difpoled  feemingly  in 
pretty  regular  order,  at  a  fufficient  diftance  from  one  another  j 
their  upper  parts  are  covered  with  prominences,  and  their  under 
furfaces  are  kept  flat  by  the  wind  which  conveys  them  :  I  commonly 
exprefs  them  by  the  fhort  appellation  of  rafts ,  which  fits  them 
the  better  as  they  bring  fupplies  for  the  above  (bowers.  Such 
are  the  clouds,  I  fay,  which  pafiing  over  the  exploring  wires, 
weaken  their  electricity,  after  which  it  returns  to  its  former  fiate, 
as  I  have  frequently  obferved  in  the  Valentin,  and  here  in  Gar- 
zegna;  nor  have  I  failed  to  perceive  the  fame  effects  in  Superga, 
whenever  I  have  happened  to  be  there,  in  proper  weather. 

1073.  I  have  not  lefs  frequently,  nor  with  lefs  pleafure, 
food  contemplating  thofe  clouds  of  another  kind,  which  are  of 
a  whitiSh  colour,  and  are  in  a  continual  perturbated  motion  :  for 
which  reafon,  as  well  as  on  account  of  their  peculiar  appearance, 
our  countrymen  call  them  the  kids.  When  one  confiders  them 
attentively,  he  foon  perceives  that  they  are  not  kept  in  that  fiate 
of  inteftine  motion  by  the  aCtion  of  the  wind,  but  by  fome 
peculiar  internal  principle  which  caules  them  to  join  together  by 
fome  one  part  of  them,  and  to  part  in  another.  Now,  fuch 
clouds,  contrary  to  the  former,  commonly  increafe  the  eleCtricity 
of  ferene  weather.  However,  as  their  firft  rife,  as  well  as  final 
difiipation,  are  never  fo  confplcuous  accidents,  as  thofe  of  the 
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paffage  of  the  above  clouds,  or  rafts,  fo  neither  can  the  beginning, 
as  well  as  end  of  the  change  they  produce  in  the  prefect  (late  of 
the  atmofpheric  electricity,  be  fo  well  afcertained  as  that  brought 
on  by  the  former. 

1074.  Such  are,  mod;  excellent  Sir,  the  phenomena  exhibited  by 
the  atmofpheric  electricity  during  ferene  weather,  the  perpetuity  of 
its  exigence,  the  conftancy  of  its  nature,  its  connexion  with  the 
drynefs  and  moifture  of  the  atmofphere,  its  prevalence  even  under 
the  circumstances  of  the  weather  beginning  to  grow  cloudy,  or 
clearing  up,  and  the  different  oppofite  changes  that  are  produced 
in  its  State,  by  folitary  clouds  of  different  kinds.  Though  the 
above  different  obfervations  and  faCts  may  at  firffc  fight  appear 
in  great  meafure  remote  from  the  important  queftions  your  Ex¬ 
cellence  has  propofed  to  me,  yet,  I  flatter  myfelf  that  I  may 
be'able,  in  time,  to  fhew  the  clofe  connexion  there  is  between 
them,  and  will  thus  be  fo  happy  as  to  have  once  more  an  op¬ 
portunity  of  expreffing  my  great  refpeCt  and  gratitude  to  your 
Excellence. 


Garzegna  di  Mon  dovi. 
May  1 6,  1775. 
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LETTER  II. 

On  the  Daily  Period  of  the  Atmcfpheric  Elettrici  ty^  during  Serene 

Weather . 

To  the  illuflrious  Prefident  of  the  Royal  Society  of  London, 

Sir  John  Pringle,  Bart. 

1075.  TT  not  know  how  better  to  exprefs  my  gratitude  to 
I  feveral  Members  of  this  Royal  Society,  for  the 
kindnefs  they  have  at  different  times  fhewn  to  me,  than  by 
expreffing  thefe  lentiments  to  the  Society  itfelf,  by  your  means, 
illuflrious  Sir,  and  making  an  offering  of  fome  fpecirnen  of  the 
refearches  I  have  made  concerning  the  moft  adive  of  elements. 
My  inclination  for  the  Science  of  Eledricity,  which  Science 
properly  belongs  to  this  century,  has  never  buffered  any  diminu¬ 
tion  j  and  I  fhould  be  particularly  happy,  if  befides  the  fatisfadion 
of  purfuing  a  favourite  ftudy,  I  have  had  the  advantage  of 
deferving  the  approbation  with  which  the  lovers  of  eledricity 
in  general,  and  the  founder  of  it,  the  immortal  Dr.  Franklin, 
as  well  as  the  moft  ingenious  Dr.  Prieftley,  who  fo  fuccefsfully 
promotes  the  knowledge  of  both  eledricity  and  the  element  we 
breathe,  have  honoured  my  former  endeavours.  Indeed,  I  hope 
that  the  new  difcoveries  I  now  offer  to  the  Public  concerning 
the  nature,  the  conftancy,  and  other  different  phasnomena  of  the 
atmofpheric  eledricity  in  clear  weather,  will  not  be  found  by 
the  above  perfons,  by  any  means  unworthy  of  the  time  I  have 
employed  in  my  long  and  numerous  refearches.  The  mild 
eledricity  I  mention  is  not  in  itfelf  lefs  to  be  regarded,  than 
the  ftormy  and  thundering  :  and  the  flow,  but  continuous 
effeds  of  the  former,  are  of  no  lefs  importance  than  the  violent 
and  loud  operations  of  the  latter.  Every  thing  in  Nature  is  great; 
nor  is  it  any  diminution  of  the  merit  of  a  difcovery,  that  the 
objeds  difcovered  do  not  make  upon  our  fenfes  any  flrong  im- 
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preffions.  With  refpeCt  to  the  mild  and  conftant  natural 
electricity,  which  is  the  fubjeCt  of  this  treatife,  I  moreover  flatter 
myfelf,  that  an  attentive  invefligation  of  its  effeSs  will  be  in 
the  highefl  degree  ufeful  to  attain  a  knowledge  of  feveral  im¬ 
portant  circumftances  relative  to  the  other  kind  of  natural  elec¬ 
tricity,  which  are  unknown  to  this  day. 

1076.  Tn  the  firft  place,  in  order  to  imitate  the  method  of 
the  ingenious  perfons  above  named,  I  will  fhortly  relate  the 
manner  in  which  I  have  been  led  to  make  the  obfervations  which 
I  propofe  to  offer  to  the  reader,  and  in  which  I  have  afterwards 
promoted  them.  So  early  as  the  year  1753,  in  my  firit  book 
on  EleClricity  p.  173,  num.  544,  and  following,  I  offered  con¬ 
jectures,  *«  that  feveral  phenomena  which  daily  take  place  in  our 
atmofphere,  may  be  explained  by  means  of  an  electricity  of  a 
weaker  kind.”  But  this  reafoning  was  no  more  than  a  con¬ 
jecture,  which  I  drew  from  feveral  accidents  1  obferved  to  take 
place  in  the  dew,  and  from  the  conflant  manner  of  Nature, 
which  leaves  no  agent  unemployed,  and  carries  operations  of 
every  one  to  every  poflible  degree.  I  then  obferved  only  with 
the  common  apparatus,  which  as  it  was  moreover  in  a  very 
indifferent  fltuation,  only  could  indicate  to  me  the  higher  degrees 
of  intenfityof  the  atmofpheric  electricity  during  ferene  weather  $ 
befides,  that  my  obfervations  on  that  electricity  which  takes 
places  during  (bowers,  and  rain  in  general,  kept  me  then  con- 
ifantly  employed. 

1077.  It  was  in  the  year  1756,  that  the  frequent  and  con¬ 
tinued  ufe  of  kites,  which  other  obfervers  only  ufed  to  make  re- 
fearches  on  the  electricity  of  clouds,  procured  me  a  confirmation 
of  what  I  had  till  then  only  conjedured,  that  is  to  fay,  that 
even  during  clear  weather  (except  in  the  cafes  of  a  great  dampnefs 
of  the  air,  or  of  an  impetuous  wind)  a  mild  weak  electricity 
perpetually  took  place.  (Let.  p.  166). 

1078.  Kites  were  mod  ufeful  inftruments  to  me,  for  fuch 
flrft  experiments  on  the  date  of  the  atmofphere.  They  rife  to  a 
great  height,  to  a  region  where  the  difference  of  the  atmofpheric 
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electricity  ufes  to  be  greater  ;  they  gather  great  quantities  of  this 
electricity,  by  means  of  the  long  pack-thread  which  holds  them, 
and  they  retain  it  the  better  as  they  are  capable  of  being  exactly 
inlulated.  With  refpeCt  to  infulation,  experience  has  fuggefted 

the  following  formule  to  me,  E  =  that  is  to  fay,  the 

exadtnefs  of  the  infulation  is  proportioned,  I.  to  the  drynefs  of 
the  air,  diredlly  ;  11.  To  that  repuliion  of  dampnefs,  which  is 
proper  to  infulating  bodies,  direCtly.  III.  To  the  length  of  fuch 
bodies,  direCtly  -,  and  IV.  To  their  feCtion  S,  inverfely,  or  to  their 
perimeter,  if  they  are  folid  compaCt  bodies.  Now,  a  firing  made 
of  the  belt  fi lk,  of  a  furali  diameter,  and  of  great  length  infulates 
a  kite  extremely  well  ;  and  it  is  an  eafy  matter  to  keep  it  dry  by 
warming  it,  or  to  change  it,  when  it  grows  damp.  Though  I 
was  at  firft  ignorant  of  the  contrivance  of  Sig.  Romas,  who 
interweaves  the  firing  which  holds  his  kite  with  thin  metallic 
wires,  the  fame  thought  occurred  to  me  the  more  naturally,  as 
I  was  then  exploring  the  accidents  of  the  weaker  eleClricity 
that  takes  place  in  ferene  weather. 

1079.  But  it  loon  happened  with  me,  as  is  commonly  the  cafe, 
that  one  obfervation  created  a  wifh  for  others.  Having  afcertained 
the  eleClricity  of  windy  clear  weather,  I  thought  of  employing 
fky  rockets  to  explore  its  fiate  during  a  calm  ;  and  at  lafi,  in 
order  to  make  confiant  and  durable  obfervations  on  its  variations, 
1  had  recourfe  to  exploring  wires,  as  I  related  in  the  above  quoted 
letters  to  Sig.  Beccari. 

1080.  Befides  the  above  expedients,  I  had,  moreover  tried, 
though  without  fuccefs,  a  pole  with  an  electrometer  -,  however, 
I  find  that  Mr.  Ronayne  has  employed  it  very  fuccefsfully  for 
inveftigating  the  eleCtrical  fiate  of  fogs;  which  electricity  I  had 
at  firfi:  explored  with  fky-rockets,  and  I  have  afterwards  afcer¬ 
tained  its  nature  by  means  of  my  extenfive  exploring  wires. 

1081.  Till  the  year  1754  I  had  frequently  written  to  Sig. 
Beccari  concerning  aerial  artificial  eleCtricity,  and  its  laws  ;  the 
contents  of  my  letters  I  publilhed  in  the  year  1758.  I  thought 
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in  the  beginning,  that  the  electricity  which  was  propagated  in  the 
air  of  my  room,  adhered  to  the  fubdance  itfelf  of  that  air  ;  and 
I  judged  in  the  fame  manner  of  that  which  takes  place  during 
ferene  weather.  As  I  had  not  then  fufficiently  confidered  the 
weaknefs  of  fuch  ele&ricity,  I  thought  it  could  be  obferved,  like 
the  other  kind  of  atmofpheric  eleCtricity,  with  an  electrometer 
not  infulated.  To  that  end,  I  raifed  a  long  pole  on  the  top  of  a 
houfe,  on  the  extremity  of  which  a  dick  was  placed,  with  two 
thick  linen  threads  hanging  from  it.  However,  I  reaped  no 
information  from  the  experiment,  partly  becaufe  the  threads 
entangled  together,  partly  becaufe  I  did  not  vitit  them  frequently 
enough,  and  did  fo  only  in  very  clear  weather,  when  they  were 
lead  likely  to  indicate  any  thing. 

1082.  But,  to  fay  the  truth,  the  aerial  and  artificial  eleCtricity 
I  raifed  in  the  room,  was  in  reality  an  aereo-vaporous  eleCtricity 
(890)  ;  that  is  to  fay,  it  was  diffufed  through  the  moid  effluvia 
which  fwam  in  the  air  in  it  ;  and  in  like  manner,  the  natural 
electricity  of  the  atmofphere  during  clear  weather,  refides  chiefly 
in  the  vapours  diffufed  in  it  ;  and  as  fuch  eleCtricity,  when  the 
weather  is  completely  clear,  is  but  weak,  it  cannot,  like  the 
eleCtricity  I  raifed  in  the  air  in  the  room,  be  obferved  with  elec¬ 
trometers  that  are  not  infulated  ;  for  thefe  two  electricities  are 
refpeCtively  proportioned  to  the  deficiency  of  fire  which  the  excefs  in 
the  vapours  may ,  ‘  in  both  cafes ,  raife  and  maintain  in  the  air  in 
which  the  electrometers  are  immerfed.  Now  the  natural  excefs  of 
the  atmofphere,  when  the  weather  is  completely  clear,  and  cold, 
requires  more  than  an  whole  minute  to  be  able  to  reproduce 
any  flight  eleCtricity,  by  means  of  a  lofty  exploring  wdre.  Elec¬ 
trometers,  therefore,  that  are  not  infulated,  cannot  indicate  the. 
eleCtricity  of  clear  weather,  or  at  lead  cannot  indicate  it  with 
that  condancy  with  which  long  and  lofty  exploring  wires,  that 
are  exaCtly  infulated,  are  able  to  do,  which  gather  in  themfelves, 
unite  and  retain  fuch  eleCtricity  ;  fo  that  it  at  lad  rifes  to  a  fuf- 
fcient  degree  of  incenfity  to  be  difcernible.  And  now,  that  to 
thele  obfervations,  I  have  joined  thofe  made  with  a  pole,  like  that 
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contrived  by  Mr.  Ronayne,  I  find  my  reafoning  to  have  been, 
conformable  to  fads. 

1083.  But  it  is  time  to  conclude  this  difculfion  of  the  methods 
I  have  employed 5  now  I  proceed  to  relate  what  new  difeoveries 
I  have  been  able  to  make,  efpecially  concerning  the  daily  period 
of  atmofpheric  eledricity  during  ferene  weather. 

1084.  Propoli  tion  X.  In  the  morning ,  if  the  hygrometer  continues 
to  indicate  a  great  degree  of  drynefs ,  which  is  equal  to,  or  little  lefs 
than,  that  of  the  ■preceding  day,  then,  even  before  the  rfng  of  the 
fun ,  an  eie  diri  city  takes  place,  which  is  manifejied  by  junctions , 
adhefions,  or  even  a  divergence  of  the  balls,  and  is  proportioned  to  the 
abfolute  degree  of  the  drynefs  in  the  air,  and  the  fmallnefs  of  its  dif¬ 
ference  from  that  of  the  preceding  day  :  if  n&  fuch  great  drynefs 
obtains,  no  difcernible  electricity  takes  place  before ,  or  even  for  a  little 
while  after,  the  rifng  of  the  fun. 

1085.  As  the  weather  during  the  night  is  commonly  damp, 
fo  it  is  a  pretty  common  cafe,  that,  before  and  after  the  rifing 
of  the  fun,  no  eledricity  obtains.  The  following  are  the  days  in 
which  I  have  found  that  an  eledricity  took  place  before  fun-rife, 
during  the  fpace*of  three  months,  the  time  from  which  I  have 
refumed  my  obfervations,  that  is,  from  the  nth  of  April,,  to  the 
1  1  th  of  July. 

April  11,  12,  13,  14,  18,  20,  21,  26,  27,  28,  30. 

May  9,  17,  24.. 

June  1,  4,  24. 

July  3- 

1086.  On  the  14th  of  April,  the  long  drought  ftill  obtained^ 
which  had  prevailed  during  the  preceding  months,  though  it  then 
began  fomewhat  to  abate  ;  therefore,  on  the  firft  four  mornings 
when  I  renewed  my  obfervations,  I  found  an  eledricity  obtained 
before  the  rifing  of  the  fun,  and  I  think  I  would  have  found  it 
equally  conftant  during  the  preceding  months,  had  I  obferved. 
In  May  and  June,  fome  dampnefs  in  the  air  arofe  at  night,  and 
the  fame  continues  to  be  the  cafe  in  July:  this  moliture  is  brought 
over  by  eafterly  winds,  efpecially  the  South-eafi:  wind  -,  this 
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latter  has  feveral  times  caufed  my  hygrometer  to  fall  10,  or  12 
degrees,  and  then  rain  has  followed. 

1087.  Erom  the  whole  of  my  numerous  obfervations,  I  find, 
that  it  is  rarer  to  meet  with  an  electricity  before  fun-rife  in 
fummer,  than  in  winter;  efpecially,  if  the  dampnefs  from  hoar- 
froft  is  prevented,  as  I  have  three  times  experienced  during  the 
month  of  January,  1769.  I  had  raifed  a  long  pole  on  the  roof 
of  the  Obfervatory,  and  on  it  a  glafs-ftick,  a  foot  and  an  half 
long  was  fixed,  which  was  protected  by  a  deep  and  narrow  um¬ 
brella  of  tin,  fo  that  the  hoar-froft  could  not  fo  fpeedily  coat  it. 
The  iron  wire  which  proceeded  from  the  above  glafs  flick,  was 
kept  flretched  by  a  filk  firing,  faflened  to  a  chimney,  the  re~ 
maining  heat  of  which  fomewhat  preferved  its  infulation.  Laflly, 
this  wire  was  bent,  and  was  continued  fo  far  as  to  the  infide  of 
the  obfervatory,  through  a  window  fituated  on  the  South  fide  of 
it.  Having  three  times  during  that  month,  tried,  before  fun-rife, 
the  electricity  of  this  wire,  the  extremity  of  which  I  held  with» 
a  filk  firing,  which  was  kept  dry  by  fome  fire,  I  found  a  pretty 
confiderable  one  obtained,  which  one  time  out  of  the  three, 
afforded  pretty  frequent  fparks,  though  for  two  or  three  minutes 
only,  that  is,  as  I  think,  when  the  hoar-froft  was  beginning.. 

1088.  With  refpect  to  the  obfervations  I  have  made  thefe 
three  months,  the  refult  has  been,  I,  That  I  never  found  an1 
electricity  obtain  in  the  morning,  unlefs  the  hygrometer  indicated 
a  degree  of  drynefs  beyond — 120.  II.  Commonly,  when  I 
have  met  with  an  electricity  before  fun-rife,  the  hygrometer  was 
not  fallen  of  an  whole  degree  under  that  exhibited  on  the  pre¬ 
ceding  evening.  III.  Once,  that  is  on  the  14th  of  Apri!,  1  found 
the  hygrometer  fallen  three  degrees,  but  then  it  was  with  great 
difficulty  I  could  difcern  a  few  electric  adhefions  ;  to  this  add, 
that,  when  they  were  taking  place,  a  gentle  North-weft  wind 
began  to  diffipate  the  dampnefs  of  the  air,  as  I  afcertained  by 
means  of  my  hygrometer  with  fhreds  of  ftraw. 

1089.  However,  in  order  properly  to  examine  the  connection 
between  the  dampnefs,  or  the  drynefs  of  the  atmofphere,  and 
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the  failure,  or  the  prevalence  of  the  morning  electricity,  one  mull 
take  care  that  no  drange  dampnefs  arifes  in  the  place  of  the 
obfervation.  Thus,  for  fear  my  own  perfpiration  during  the 
night  fliould  didurb  the  electricity,  at  night  I  take  care  to  tranfport 
the  extremity  of  the  deferent  wire  to  the  window  of  the  next 
room  to  that  in  which  I  fleep,  and  to  which  I  may,  when  there 
is  occafion  for  it,  fpeedily  go  and  obferve. 

1090.  Propofition  XI.  In  the  morning ,  according  as  the  fun 
rifes  higher ,  the  eledlricity ,  whether  it  began  before  fun-rife ,  or  only 
after ,  gradually  increafes.  II.  This  gradual  increafe  of  the  morning 
eleBricity  begins  fooneri  according  as  the  hygrometer  continues,  after 
Jun-rife ,  to  indicate  a  higher  degree  of  drynefs ,  and  as  fidi  drynefs 
more  fpeedily  increafes .  III.  Thefe  increafed  both  intenfity  and  fre¬ 
quency  of  the  electricity  la  ft,  in  ferene  days ,  in  which  no  impetuous 
wind  takes  place ,  Jo  long  as  the  fun  does  not  draw  near  the  place  of 
its  fetting ,  and  the  hygrometer  keeps  near  the  higheft  degree  which  it 
had  reached.  IV.  When  the  fun  is  near  its  fetting,  and  in  proportion 
as  the  hygrometer  begins  to  retreat,  the  intenjity  of  the  daily  eleClncity 
leffens,  and  its  frequency  increajes. 

1091.  The  truth  of  the  above  propofition  will  appear  evident 
to  every  attentive  obferver,  and  I  think  1  may  difpenfe  with  pro¬ 
ducing  any  indances  to  lupport  it.  I  will  only  remark  that 
whoever  .will  wilh  to  be  properly  informed  of  the  gradual  ad¬ 
vances,  and  diminutions,  of  the  drynefs  of  the  atmofphere,  mud 
make  ufe  of  pretty  quick  hygrometers  ;  to  that  end  I  again 
recommend  thole  with  twided  fhreds  of  draw  :  now  I  proceed 
to  point  out  the  different  caules  which  produce  variations  in  the 
daily  period  of  atmofpheric  electricity. 

1092.  Prop.  XII.  Though  the  hygrometer  may  indicate  equal 
degrees  of  drynejs,  on  the  middle  of  the  day ,  in  different  days ,  yet  the 
frequency  of  the  daily  eie  Cl  ricity  may  be  greater  in  fonie  oj  thofe  days  than 

in  others ,  and  is  in  great  meafure  proportioned  to  the  increafe  oj'  heat 
which  takes  place  in  them  :  the  eletlricity  moreover  arifes ,  on  fuck  days , 
later  in  the  morning,  and  fails  fooncr  in  the  evening. 
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1093.  On  the  ii,  12,  and  13th  of  April,  the  hygrometer 
Rood  very  near — .20°  j  on  the  28th  of  June,  and  2d  of  July,  at 
2.  30'  in  the  afternoon,  it  again  rofe  to — -20°.  Now,  though 
in  the  middle  of  each  of  thofe  different  days,  the  hygrometer 
indicated  equal  degrees  of  drynefs,  the  operation  of  the  eledricity 
in  fome  of  them,  proved  extremely  different  from  what  it  did  in 
the  others. 

J094.  In  the  three  former  days,  before  the  rifing  of  the  Sun, 
an  eledricity  took  place  which  was  manifefied  by  motions,  or 
adhefions,  of  the  balls  to  my  finger  ;  and  two  hours  after 
fun-rife,  they  diverged  40,  50,  6°.  II.  Nor  did  the  eledricity 
rife  higher  during  the  remainder  of  thofe  days.  III.  At  fun-fet 
the  degree  of  the  eledricity  was  fcarcely  lowered.  IV.  The 
flownefs  of  it  was  moreover  fuch,  that,  in  the  evening,  after  the 
„  fheet  of  brafs  between  the  balls  had  been  touched,  30"  at  lead, 
elapfed  before  a  frefh  adhefion  took  place  ;  and  in  the  middle  of 
the  day,  an  whole  minute  was  requifite. 

1095.  In  the  two  latter  days,  I.  Bare  adhefions  fcarcely 
began  at  8  o’clock.  II.  At  night,  they  ended  before  7* 
III.  But  d  uring  each  of  thefe  two  periods,  the  eledricity  was 
renewed  in  lefs  than  a  fecond.  IV.  However,  in  the  middle  of 
the  day,  the  eledricity  rofe  to  8°,  but  fcill  its  frequency  con¬ 
tinued  to  be  pretty  confiderable,  and  after  2  it  began  again  to. 
be  manifefied. 

1096.  And  indeed,  though  in  the  middle  of  every  one  of  thefe 
different  days,  the  hygrometer  indicated  very  nearly  the  fame  degree, 
of  dampnefs,  and  the  furface  of  bodies  was  equally  deprived  of 
moifiure,  yet  the  air  was  impregnated  with  very  different  quanti- 
tities  of  it.  A  proof  of  this  is,  in  the  firft  place,  fupplied  by  the 
hygrometer  itfelf.  On  then,  12,  and  13th  of  April,  the  hy¬ 
grometer  did  not  fall,  even  during  the  night,  under  —  190.  On 
the  contrary,  its  variations  during  the  two  above  mentioned 
warm  days,  were  as  follows, 

28th  of  June,  5.  30'  in  the  morning  —  9.  5. 

2.  30'  in  the  afternoon.  —  19.  3. 
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at  5.  30'  on  the  following  morning,  —  10. 

4th  of  July,  5.  30' in  the  morning  —  12.  4. 

2.  30.' in  the  afternoon —  19.  4. 
at  5.  30'  on  the  following  morning,  —  8. 

1097.  In  thefe  two  lad  days  the  hygrometer  therefore  indi¬ 
cated  a  much  greater  dampnefs  during  the  night  time,  than  it 
did  in  the  former.  II.  The  air,  of  courfe,  in  the  middle  of  thofe 
days,  kept  a  greater  quantity  of  moifture  in  a  fiate  of  exaCt  difi- 
folution.  III.  And  the  heat  of  fuch  days  was  undoubtedly  the 
caufe  of  this  :  in  fa  Cl,  the  thermometer  of  Reamur  rofe  to  240  ; 
whereas  in  the  former,  it  did  not  rife  above  io°. 

1098.  Hence,  though  the  hygrometer  exhibited  the  fame 
degrees  of  dampnefs,  in  the  middle  of  the  former  days,  as  in  that 
of  the  latter,  yet  the  fiate  of  the  atmofphere  was  very  different 
during  the  nights.  Nay,  it  was  fo  likewife  in  day  time  ;  and  to 
fuch  differences  the  operations  of  the  ele&ricity  proved  very 
conformable. 

1099.  And  to  begin  with  that  part  of  the  above  phenomena 
which  is  mofl  obvious,  it  is  plain  that  the  abundant  moiflure 
which,  during  the  latter  hot  days,  was  kept  in  a  date  of  exadl 
dilfolution,  began,  towards  the  evening,  and  as  the  heat  gradually 
lelfened,  to  delcend  and  condenfate  itfelf  near  the  furface  of  the 
earth  ;  by  which  it  weakened  the  infulation  of  the  inferior  part 
of  the  atmofphere,  as  well  as  that  of  the  exploring  wire  :  hence, 
the  whole  eleClric  fire  that  remained  in  the  atmofphere,  every 
where  diffufed  itfelf  into  the  earth.  As  for  the  night  time,  no 
electricity  was  manifejied  in  it,  becaufe  the  general  deperdition  of 
it  ft  il  1  continued,  and  even  increafed,  as  the  remarkable  altera¬ 
tions  of  the  hygrometer  witneffed. 

iico.  However  evident  the  above  explanation  may  in  itfelf 
be,  I  diali  add  a  few  more  faCls  to  fupport  it.  On  the  23d  of 
June,  the  hygrometer,  from  —  5  rofe  to  — 17,  3;  which  denoted 
great  drynefs;  for  the  22d  had  been  exceedingly  wet,  and  I 
have  conllantly  obferved  that  one  day  is  not  fufiicient  to  carry 
the  hygrometer  quite  up  to  the  adlual  degree  of  drynefs,  if 
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the  dampnefs  was  very  great  before.  Conformably  to  the  above  great 
rife  of  the  hygrometer,  the  electricity  which,  at  7  in  the  morning, 
was  at  zero,  at  8,  30.  had  rifen  to  6°.  and  during  the  whole  day,  kept 
at  8o°  or  very  near.  On  the  evening  at  6,  the  electricity  had  fallen 
to  50  ;  between  8  and  9,  it  fell  to  20  ;  at  10  o’clock  it  rofe  again 
to  50,  but  it  foon  lowered  again  to  30,  to  2°,  and  there  it  re¬ 
mained  till  I  ceafed  to  obferve,  that  is,  till  1 1,  25'. 

noi.  On  the  morning  1  began  again  to  obferve  at  3,  15', 
when  I  found  that  the  electricity  fubfifted,  and  was  manifefted  by 
bride  motions  of  the  balls  j  and  at  fun-rife  it  increafed. 

1102.  Now,  this  inftance  of  the  electricity  continuing  during 
the  whole  night  in  clear  weather,  is  no  very  common  inftance  in 
fummer.  It  even  happened  then,  that  in  that  very  night  of  the 
year,  which  is  fo  celebrated  with  the  vulgar,  on  account  of  St. 
"John's  dew ,  the  atmofphere  depoftted  fcarcely  any  moifture.  The 
thermometer,  which,  at  noon,  was  near  23,  at  11,  25',  continued 
to  Hand  fo  high  as  19,  55  and  at  3,  15' in  the  morning,  it  ftill 
flood  at  19. 

1103.  The  drynefs  of  the  above  night  was  moreover  rendered 
very  confpicuous  by  the  hygrometer  :  during  the  whole  night  it 
did  not  lower  one  degree  under — 17,  3,  which  was  the  highefl 
point  it  had  rifen  to  on  the  day  before  j  and  on  the  morning, 
before  fun-rife,  I  found  it  at  16,  5. 

1104.  Again,  on  the  30th  of  June,  the  eleClricity  continued 
pretty  high  during  the  night  ;  at  10  o’clock,  it  flood  at  20,  and 
correfpondently  to  this,  the  hygrometer,  from  the  higheft  degree 
of  drynefs,  —  17,  4,  which  it  had  exprefled  on  the  day  before, 
was  fcarcely  lowered  o,  2  :  on  the  morning,  at  4,  30',  the  hygrometer 
was  lowered  to  — 15,  and  I  accordingly  found  the  eleClricity 
to  have  ceafed  ;  nor  was  it  before  6,  10'  that  it  began  again  to 
be  manifefted. 

1105.  Indeed  it  is  no  very  rare  thing,  in  fummer,  to  meet 
with  inftances  of  the  eleClricity  failing  about  the  time  the  fun 
fets,  owing  to  a  certain  fufficient  degree  of  dampnefs  which  then 
arifes  j  and  it  is  afterwards  renewed,  as  the  air,  a  few  hours  after¬ 
wards,  again  acquires  a  certain  degree  of  drynefs  :  but  this  kind 
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of  eledlricity  I  here  mention,  belongs  to  that  which  I  call 
eledlricity  of  dew ,  of  which  I  propofe  to  treat  more  explicitly, 
when  I  jfhall  fpeak  of  the  laff  part  of  the  daily  eledlrical  period. 
However,  the  two  above  rare  inffances  1  have  j u ft  now  def- 
cribed,  in  which  the  hygrometer  continued,  during  the  night, 
to  (how  a  degree  of  drynefs  very  nearly  equal  to  that  in  the 
day,  feem  to  me  pretty  plainly  to  indicate  the  caufe  why  the 
daily  electricity  begins  (as  it  indeed  commonly  does)  later  in  the 
morning,  and  rifes  fooner  at  night. 

i  ioò.  But  to  return  to  the  greater  frequency  of  the  eledlricity 
in  warm  days,  its  difference  from  that  which  takes  place  on  other 
days,  is  fo  great,  that,  on  the  very  firft  year  I  began  to  obferve, 
I  perceived  it  :  and  of  this  fadl,  not  only  particular  experiments, 
but  the  whole  feries  of  any  obfervations  that  may  be  made,  will 
furniffi  affured  proofs  ;  efpecially  if  fuch  obfervations  are  made  in 
calm  weather,  for,  as  we  will  foon  mention,  fome  particular 
winds  increafe  the  frequency  of  the  eledlricity,  as  well  as  heat. 
Sometimes  in  fine  fummer  days,  I  have  fufpended  a  pendulum 
for  feconds,  near  the  eledlrometer,  which  I  touched  with  the 
lame  hand  that  kept  the  pendulum  raifed  ;  my  other  hand  was 
in  the  meanwhile  placed  near  the  balls  of  the  eledlrometer,  ready 
to  make  them  manifeft  their  eledlricity  as  foon  as  it  fhould  begin  to 
take  place  ;  now,  as  foon  as  my  other  hand  was  removed,  and  the 
pendulum  began  to  defcend,  tbeballs  performed  a  vibration  between 
my  finger  and  the  eledlrometer.  On  the  contrary,  in  fine  winterdays, 
l  have  time  to  crofs  the  room  onte  or  twice,  before  I  find  a  new 
adhefion  takes  place. 

1107.  Thefe  great  differences  in  the  frequency  of  atmofpheric 
eledlricity,  I  look  upon  as  undoubted  proofs  of  what  has  been 
advanced  in  Prop.  VI.  of  the  preceding  letter  ;  which  is,  that  to 
that  quantity  of  moiffure  which  is  brought  by  the  air  clofe  to 
the  exploring  wire,  the  eledlricity  of  clear  weather  is  proportioned, 
except  in  as  much  as  this  moiffure  leffen§  the  exadtnefs  of  the  in- 
fulation.  In  fadl,  in  warm  days  the  air  takes  in  and  diffolves  a 
much  greater  quantity  of  moiffure,  as  wre  find  from  thofe  great 
variations  that  immediately  take  place  in  hygrometers,  when  to 
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hot  days  fucceed  very  cool  evenings  ;  nnd  this  heat  (as  we  may 
perceive  with  our  naked  eyes,  and  as  I  have  dill  better  afeertained 
with  the  microfcope  of  the  Count  of  Pertengo)  keeps  the  above 
moidure  in  a  date  of  continual  ebullition.  On  the  contrary, 
when  the  weather  is  both  very  clear  and  cold,  to  the  downefs  of 
the  eledricity  correfponds  a  fcarcity  of  atmofpheric  moidure. 

1 J08.  Nor  is  it  only  from  fuch  confiderable  differences  of  the 
eledricity,  as  correfpond  to  confiderable  differences  of  heat,  that 
I  am  confirmed  in  the  above  opinion  ;  but  I  am  alfo  from  the 
farther  circumdance  of  fmaller  differences  in  this  eledricity,  alfo 
correfponding  to  fmaller  differences  in  the  heat.  In  fad,  on  the 
morning  of  fiummer  days,  the  eledricity  when  it  fird  begins, 
proves  fomewhat  lefs  frequent  than  a  few  hours  after  ;  which  is 
no  doubt  owing  to  the  lefs  quantity  of  moidure  which  the  air- 
keeps  at  that  time  in  a  date  of  exad  diffolution. 

1109.  With  fuch  hypothefis,  the  manner  is  alfo  very  con- 
fentaneous  in  which  the  eledricity  both  leffens  and  then  fails, 
towards  the  end  of  the  day,  and  as  the  night  advances.  In  fad, 
even  in  cold  and  very  dry  weather,  when  the  eledricity  is  very 
weak,  yet,  as  its  intensity  gradually  leffens  towards  the  clofe 
of  the  day,  its  frequency  increafes  (or  rather,  its  downefs  dimi- 
nifhes)  proportionally  to  the  above  decreafe  of  its  in  ten  fi  ty  ;  and 
this  frequency  keeps  increafing,  according  as  the  dampnefs  of 
the  night  more  quickly  augments,  that  is  to  fay,  according  as 
the  moidure  which,  during  the  day,  was  anyhow  difieminated 
in  the  air,  more  fpeedily  gathers  near  both  the  exploring  wire, 
and  the  furface  of  the  earth  ;  the  confequence  of  which  is,  that 
the  eledricity  of  the  wire  is  more  quickly  annihilated,  and  alfo, 
that  the  fame  moidure  then  more  fpeedily  brings  a  fmall  new 
eledricity  to  it,  which  is  proportioned  to  its  imperfed  infula- 
tion. 

mo.  If  to  all  the  above  obfervations,  we  add  the  con¬ 
federation  of  the  peculiar  eledricity  of  dew ,  with  which  I  propofe 
to^'onclude,  and  that  of  winds,  which,  in  proportion  to  their 
dampnefs,  as  I  fhall  prefently  relate,  increafe  the  frequency  of 
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the  ele&ricity  of  clear  weather,  we  fhall  certainly  find  it  as 
evident  a  truth  as  any  in  Natural  Philofophy,  that  the  moifiurc 
in  the  air  is  the  conductor  of  this  electricity. 

1  1  1 1.  The  electricity,  however,  either  in  lummer  and  winter, 
does  not  always  exactly  keep  pace  with  the  quantity  of  moifture 
in  the  air,  either  in  the  night  or  the  day.  When  I  make  my  ex¬ 
periments  during  fummer,  in  a  fnady  place,  they  entirely  fail, 
or  only  anfwer  very  imperfectly  ;  though  in  order  to  make  them 
iucceed,  1  only  need  expofe  the  whole  apparatus  to  the  fun. 
That  is  to  fay,  the  moifture  in  that  air  which  is  expofed  to  the 
fun,  is  more  divided,  is  brought  to  greater  rarity,  and  greater 
intervals  take  place  between  its  parts  than  in  that  in  a  fhady 
place;  it  therefore  lefs  weakens  the  infulation.  Now,  the  ex¬ 
ploring  wire  is  in  the  day-time  expofed  to  the  fun,  and  in  fummer 
to  a  fun  which  is  the  warmer. 

1112.  Prop.  XML  The  f riff  ton  of  winds  a  gain  fi  the  furface 
of  the  earthy  is  not  the  caufe  of  the  atmofpheric  eie ff ricity.  II. 
Impetuous  winds  ufe  to  lefj'en  the  intenfity  of  the  eleffricity  of  clear 
weather.  IIP  If  they  be  dampy  they  le  fin  its  intenfity  in  proportion 
to  the  diminution  they  caufe  in  the  exaffnefs  of  the  infulation ,  both  of 
the  wire,  and  of  the  atmofphere. 

1113.  Ever  fince  the  atmofpheric  eleClricity  was  difcovered, 
I  have  endeavoured,  alter  numbers  of  different  manners,  both  in 
v«ry  dry,  and  in  damp  weather,  to  raife  fome  eleClricity  in 
deferent  bodies,  by  means  of  currents  of  air  artificially  produced. 
Several  times  I  have  tried  rapidly  to  turn  four  bands  of  gilt 
pafleboard,  fixed  like  wings,  to  an  axis  infulated  by  means  of 
flicks  of  glafs.  At  other  times  I  have  for  a  while  kept  driving 
air  againft  fheets  of  metal,  with  a  pair  of  bellows,  and  fometimes, 
againft  bands  of  linen  cloth,  either  very  dry  or  wet,  which  were 
flretched  within  a  frame,  and  infulated  with  filk  firings.  I  have 
alfo  tried  to  let  fire  to  fquibs  which  turned  with  great  velocity 
around  a  flick,  or  peg,  exaClly  infulated  :  now,  neither  in  this 
peg,  nor  in  the  above  mentioned  axis,  which  confided  of  an  iron 
rod,  nor  in  the  above  fheets  of  metal,  nor  in  the  bands  of  linen 
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cloth,  could  I  ever  perceive  the  lead:  degree  of  eledricity,  both 
when  the  current  of  air  took  place,  or  after. 

1 1  14.  Again,  in  the  Letter  addreffed  to  his  Excellence,  Count 
of  Scarnafigi,  which  is  joined  to  thofe  direded  to  Sig.  Beccari, 

I  demonstrated  by  conclufions  drawn  from  accurate  experiments, 
that  the  light  which  I  had  difeovered  to  take  place  when  a  column 
of  air  precipitated  itfelf  into  a  vacuum,  indeed  was  an  eledric 
light,  but  then  that  it  never  took  place  on  the  furface  of  deferent 
bodies,  and  only  on  that  of  thin  infulating  ones. 

1  1 15.  Experiments  of  this  kind  are  certainly  very  apt  to 
raife  doubts  about  the  opinion  which  certain  clofet  philofophers 
fo  gratuitoufly  propagate,  which  is  that  the  whole  atmofpheric 
eledricity  is  produced  by  the  fridion  of  the  air  againfl  the 
furface  of  the  earth. 

1 1 16.  Such  opinion  is  befides  abundantly  confuted  by  the 
obfervation  which  forms  the  fecond  part  of  the  prefent  propofition, 
which  is,  that  winds  commonly  weaken  the  atmofpheric  eledricity 
during  clear  weather  :  with  refped  to  this  general  affertion ,  1 
filali  here  enter  into  fome  particulars. 

1117.  In  three  different  cafes,  I  have  found  the  eledricity  of 
clear  weather,  intirely  annihilated  by  the  wind.  In  the  firft 
place,  it  has  happened,  when  owing  to  the  impetuofity  of  the 
wind,  the  kite  with  which  I  explored  the  date  of  the  eledricity, 
hath  in  confequence  of  its  tail  not  being  fufficiently  l#aded, 
taken  a  plunge,  and  been  brought  near  the  earth.  T  deferibe 
one  of  thofe  cafes  in  my  letters  to  Sig.  Beccari  (p.  106)  in  which 
the  wind,  befides  being  impetuous,  moreover  appeared  to  be 
extremely  dry  ;  but  the  fame  has  alfo  happened  when  the  wind 
was  evidently  damp.  I  fhall  obferve,  by  the  by,  that  if  the 
eledricity  in  any  degree  arofe  from  the -fridion  of  winds  againfl 
the  ground,  its  intenfity  would  be  found  greatefl  near  the 
furface  of  the  earth. 

1 1 18.  The  above  rare  experiments  made  with  kites,  are 
moreover  exadly  conformable  to  the  confiant  and  univerfal  ob¬ 
fervation,  that  exploring  wires  become  impregnated  with  a 
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greater  electricity,  according  as  they  are  raifed  higher  above  the 
furface  of  the  earth. 

1119.  But  Lilly,  Sig.  Count  di  Pertengo  has  obtained  an 
infirument  for  me,  from  the  very  kind  Sig.  Marquis  di  Prie, 
with  which  I  almoft  every  day  experience  the  inefiicacy  of 
winds  to  raife  ele&ricity.  The  inftrument  I  mean  is  a  hne  um¬ 
brella  made  of  filk  cloth,  with  a  handle  of  charred  wood,  which 
is  coated  over  with  fealing-wax  :  the  Merchants  in  Paris  who 
fell  thefe  kinds  of  umbrellas,  call  them  Paratonnerres  *.  Now, 
though  1  have  often  prefented  this  umbrella  obliquely  to  a  Prong 
wind,  I  never  happened  to  find  the  leap  ele&ricity  or  motion  in 
filk  hairs,  wetted  with  fait  water,  which  1  had  annexed  both 
to  its  middle  parts,  and  to  its  edge. 

1120.  In  the  fecond  place,  I  have  likewife  found  impetuous 
winds  to  have  deProyed  the  ele&ricity  of  exploring  wires,  though 
the  latter  were  placed  very  high  above  ground,  and  of  kites* 
though  I  then  made  them  rife  to  a  great  height  :  fuch  impetuous 
winds  arofe  at  the  time  fiiowery  clouds  were  in  fight,  which  they 
almofi  inPantaneoufly  diPlpated.  I  find  nine  fuch  infiances, 
in  the  journal  of  my  obfervations  in  the  Valentin. 

1121.  LaPly,  I  have  found  impetuous  winds  intirely  to  defiroy 
the  electricity,  when  the  weather  was  very  clear,  and  quite  dry. 
With  refpeCt  to  this,  however,  I  Piali  inform  the  reader,  that  I 
have  not  judged  of  the  drynefs  of  fuch  winds  according  to  the 
method  of  the  vulgar,  who  mifiake  *wind  for  drynefs.  Indeed, 
wind  carries  ofi7  the  moiPure  of  fuch  bodies  as  are  more 
abundantly  impregnated  with  it  than  itfelf  is  :  hence  winds 
generally  dry  wet  clothes  to  fonie  degree,  and  conPantly  promote 
the  evaporation  from  the  furface  of  waters  :  but  winds  of  really 
great  drynefs,  which  draw  off  all  moiPure  from  the  furface  of 
bodies,  are,  at  leap  in  this  country,  extremely  rare.  Hygrometers 
of  twiPed  firaw  often  have  indicated  to  me  that  certain  winds 

*  An  umbrella,  or  ftielter  againft  thunder  ;  the  above  word  is  imitated  from  the 
French  words  parafo 7,  or parapluye,  umbrellas  for  the  fun,  or  for  rain. 
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contained  moifture,  which,  from  every  other  circumftance,  I 
judged  to  be  completely  dry. 

1122.  In  my  experiment  of  the  29th  of  November  1756, 
which  I  have  related  in  my  Letters  to  Sig.  Beccari  (p.  129),  that 
wind,  which,  almoft  in  every  refped,  appeared  to  me  com¬ 
pletely  dry,  yet,  very  likely  was  not  really  fo,  unlefs  perhaps  in 
a  few  particular  waves  of  it,  and  indeed  I  could  now  and  then 
difcern  fymptoms  of  moifture  from  it,  though,  as  I  fay,  they 
were  not  conftant,  and  proved  but  very  weak. 

1123.  The  winds  that  prevailed  on  the  high  mountain  of  St. 
Michael,  where  I  made  experiments  in  March,  the  following 
year,  were  of  ftill  greater  drynefs.  There,  when  the  frequent 
impetuous  Weft  wind  blew,  the  electricity  grew  exceedinglv 
weak,  or  even  was  completely  annihilated  ;  and  the  three  only 
times  I  faw  it,  under  fuch  circumftances,  to  be  fomevvhat  intenfe, 
was  when  its  nature  was  altered  (1008).  And  then,  in  the 
calm  intervals  that  at  times  took  place,  the  ufual  mild  eledricity 
of  clear  weather  again  infenfibly  arofe.  In  the  mornings,  a  very 
ftrong  and  continued  Eaft  wind  commonly  rofe,  which  prefently 
deftroyed  the  eledricity  of  the  wires.  Four  times,  while  this 
wind  blew,  I  fucceeded  to  make  a  kite  rife  to  a  pretty  great 
height,  by  faftening  a  ftone  to  the  extremity  of  its  tail,  but 
it  did  not  fend  me  the  leaft  eledricity.  Such  winds,  I  only  faid, 
were  drier  than  that  before  mentioned  ;  for  as  to  being  perfedly 
dry,  I  do  not  know  whether  any  wind  ever  is  fo. 

1124.  Nor  is  it  neceflary  to  climb  up  to  the  tops  of  high  moun¬ 
tains,  to  meet  with  fuch  winds  as  are  fufficiently  dry,  either  to  an¬ 
nihilate  any  perceivable  eledricity,  or  create  in  it  fuch  a  peculiar 
decreafe  both  of  its  intenfity  and  frequency,  as  may  demonftrate 
the  truth  of  the  above  oblervation. 

\  / 

1125.  Even  in' Turin,  in  the  fpring  of  the  year  1 757»  on  two 
occafions  in  which  a  ftrong  Weft*  wind  blew,  I  could  not,  owing  to 
its  drynefs,  perceive  any  iign  of  eledricity  in  the  flaxen  threads 
annexed  to  the  firing  by  which  a  kite  *1  had  raifed  was  held,., 
except  a  few  rare  and  weak  motions. 
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1126.  As  to  this  place,  Garzegna,  where  I  ufe  to  experiment 
in  Autumn  chiefly,  I  never  meet  with  any  inftance  of  wind  that 
I  might  call  perfectly  dry,  except  perhaps  once;  the  kite  then 
happened  to  be  raifed  pretty  high  for  the  fhort  fpace  of  one 
minute,  and  indeed  I  could  not  then  perceive  any  ele&ricity. 
But  in  this  prefent  fummer,  three  times  a  dry  wind  has  annihi¬ 
lated,  as  I  found,  all  electricity  during  the  intervals  of  its  greater 
violence,  and  that  happened  too,  in  the  afternoon,  when  the 
electricity  ufes  both  to  continue  at  fuch  a  degree  of  intenfity  as  to 
keep  up  a  divergence  in  the  electrometer,  and  to  be  very  frequent, 
owing:  to  the  heat  in  the  air. 

1127.  Here  follows  the  manner  in  which  the  lafl  of  the 
three  infiances  I  mention  were  fet  down  in  my  Journal. 

*{  July.  hour,  barom.  therm.  hygrom.  bandrole. 

11.  4,  15.  26,9.5.  25*  —  20.  7.  E.  N.  E. 

Wind,  impetuous  and  dry,  and  of  courfe  warm.  .  .  .  The  elec¬ 
tricity  has  for  thefe  few  minutes  proved  quite  unperceivable  in 
the  electrometer  ;  at  4,  36',  adhefions  begin  again  to  take  place, 
and  I  correfpondently  begin  to  find  that  the  wind  grows  lefs  dry, 
for  it  grows  fomewhat  cool.  .  .  The  hygrometer  of  twifted 
firaw,  which  is  lituated  in  a  place  towards  Eafi,  in  ten  or  twelve 
feconds,  retreats  one  degree  from  the  point  of  drynefs  it  indicated; 
and  brille  motions  of  the  balls  already  begin  to  take  place.  As 
to  the  hygrometer  with  a  firing,  though  I  am  always  contriving 
corrections  in  it,  when,  the  weather  continuing  the  fame  as  to 
heat  and  clearnefs,  I  find  it  to  go  beyond— 20,  yet,  it  reaches  to¬ 
day  to  —  20,  5. 

1128.  I  have  transcribed  the  above  extraCl  becaufe  (befides 
the  mention  that  is  made  in  it  of  the  imperfection  of  the  hy¬ 
grometer  with  a  firing)  it  Serves  me  as  a  natural  tranfition  to 
fpeak  of  moifi  winds.  Even  thofe  which  feem  to  be  very  dry, 
at  laft  often  introduce  fome  moifiure.  Eafierly  winds,  during 
thefe  three  months,  which,  when  fair  weather  is  fettled,  ufe  here 
in  Garzegna,  to  rife  pretty  firong  about  noon,  at  three  or  four 
in  the  afternoon,  by  wheeling  to  South-eafi,  become  damp  to  a 

very 
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very  perceivable  degree;  and  in  the  beginning,  that  is  in  April, 
or  the  firft  days  of  May,  though  the  electricity  (till  continued  to  be 
of  a  pretty  flow  kind,  they  often  remarkably  increafed  its  fre¬ 
quency,  fo  that  the  balls  of  the  eledrometer,  which,  before  this 
damper  wind  rofe,  acquired  a  frefli  electricity  only  after  20v,  or 
30"  of  time,  now  recovered  it  after  every  fecond. 

1129.  At  other  times  thefe  damp  winds  I  mention  have,  at 
their  firfl:  fetting  on,  carried  the  electricity  fo  far  as  8°,  or  io°, 
and  at  the  fame  time  they  increafed  its  frequency  ;  but  this  has 
happened  but  feldom,  and  continued  only  for  a  fhort  time.  In 
Superga,  an  evidently  very  damp  wind  has,  feveral  times,  made 
the  bells  ring  for  a  conflderable  time;  which  is  certainly  in  great 
meafure  to  be  attributed  to  the  very  great  length  of  the  exploring 
wirelufed  there,  and  perhaps  alfo  to  the  conflderable  height  of 
that  mountain. 

1130.  Here  in  Garzegna,  where  eaflerly  winds  mud,  as  they 
come  on,  rub  againft  a  feries  of  hills  which  are  fomewhat  a-head 
of  it,  they,  of  courfe,  diffufe  into  them  great  part  of  the  eledricity 
which  they  may  contain  :  hence  thefe  winds  leflen  and  at  1  aft 
annihilate  the  electricity,  in  proportion  to  the  time  they  lafl, 
and  to  the  moiflure  they  bring  along  with  them. 

1131.  To  the  above  reafoning  the  obfervations  I  have  con- 
lfantly  made  in  the  Valentin,  are  very  conformable  :  flrong  and 
damp  winds,  in  that  low  place,  foon  diflipate  the  eledricity. 

1132.  Thus  have  I  laid  down,  molt  worthy  Prefldent,  the 
theory  of  the  alterations  which  heat,  and  efpecially  winds,  create 
in  the  daily  period  of  the  atmofpheric  eledricity.  Here  I  might 
add,  as  in  their  proper  place,  a  few  confiderations  on  the  fudden 
eledricity  of  evening  dew ,  which  in  certain  feafons,  and  on  favourable 
days,  grows  complicated  with  the  former,  if  I  did  not  perceive 
that  the  many  particulars  I  have  entered  into,  in  this  letter, 
have  already  rendered  it  but  too  long  :  this  length  however,  I 
hope  you  will  excufe,  partly  on  account  of  the  fubjed,  partly  on 
account  of  the  defire  I  entertained,  while  writing  it,  that  it 
might  convey  a  fufficiently  clear  idea  of  the  fubjed,  both  to  you, 
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and  to  the  ingenious  Members  of  this  Society,  fo  that  they 
might  judge  how  far  the  above  obfervations  are  well  grounded, 
as  well  as  redify  them  if  necefiary  ;  for  though  I  do  not  think 
myfelf  intirely  deftitute  of  any  degree  of  pride,  yet,  truth  is  the 
objed  I  feek  after. 


Garzegna  di  Mondovi, 
July  14,  1775. 


■LETTER  III. 

*  -  I 

On  the  Elediricity  produced  by  evening  Dew. 

To  the  Same. 

1133.  "IT  ROM  the  beginning  I  thought  that  bare  reafoning 
JL  and  analogy  could  demondrate  the  exigence  of  the 
eledricity  that  is  produced  by  dev/.  The  fil'd:  experiment  that 
made  me  fufped  that  obfervation  might  moreover  render  it  fen- 
fible  to  us,  was  that  which  I  made  with  a  kite,  here  in  Gar¬ 
zegna,  on  the  1 8th  of  Odober  17565  in  which,  a  quarter  of  an 
hour  after  fun-fet,  the  firing  which  held  the  kite  fupplied  fuch 
a  quantity  of  eledricity  that  it  could  form  both  a  brujh  and  a 
little fieir,  on  two  pins,  refpedively,  which  were  properly  direded 
to  produce  the  above  effeds.  (Let.  p.  126). 

1134.  The  above  opinion  is  moreover  confirmed  to  me  by 
what  I  find  written  among  the  obfervations  made  at  the  Valentin. 
lC  Lafi  night,  the  Gardner  allures  us,  he  has  drawn  ten  fuccefiive 
finali  fparks.”— I  could  not  be  on  that  fpot  during  the  nights. 
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1135.  In  March  of  the  fame  year,  on  the  mountain  of  St. 
Michael,  I  frequently  continued  up  late  at  night,  hunting  after 
the  electricity  of  evening  dew,  which  I  thought  muft  obtain  there, 
but  I  never  could  difcover  any  figns  of  it  :  I  imputed  it,  and 
pretty  juftly  as  I  now  find,  to  the  flrong  continued  winds  that 
prevailed. 

1136.  In  the  Autumn  of  the  fame  year,  while  Sig.  Canonica 
continued  the  obfervations  in  the  Valentin  with  his  ufual  exad- 
nefs,  I  went  to  Genoa,  in  order  to  make  experiments  concerning 
fea  light,  and  take  information  on  that  fubjed,  from  feamen. 
It  was  only  in  the  following  year  (1758),  that  I  fettled  an  ex¬ 
ploring  wire,  1000  feet  long,  here  in  Garzegna,  with  which  I 
leverai  times  difcovered,  efpecially  towards  the  latter  end  of 
Odober,  that  an  eledricity  of  dew  took  place,  which  was  of 
pretty  confiderable  intenfity.  Ever  lìnee  that  year  I  have  ob- 
ferved  and  fet  down,  that  fuch  eledricity  took  place  in  clear  and 
dry  weather,  during  which  no  flrong  wind  prevailed. 

1137.  In  fubfequent  years  I  continued  to  obferve  the  fame 
eledricity  of  dew,  in  thofe  evenings  in  which  the  above  united 
circumftances  happened  to  take  place.  At  that  fame  time  I 
refleded,  and  afterwards  faw  confirmed  by  obfervation,  that  that 
kind  of  eledricity  which  prevails  in  the  evening  about  the  fame 
time  as  the  eledricity  of  dew  commonly  does,  and  which,  though 
it  attains  a  lefs  degree  of  intenfity,  yet  manifefts  a  pretty  con¬ 
fiderable  frequency,  is  of  the  fame  kind  with  this  latter. 

1138.  At  Superga,  during  thofe  evenings  I.  could  fpend  there, 
I  only  happened  to- obferve  this  fecond  kind  of  eledricity.  Sig. 
Prior  Ceca  could  not  fo  intirely  difpofe  of  his  time,  during  thofe 
hours,  as  conftantly  to  watch  the  motions  of  the  eledricity  of 
dew,  and  he  only  paid  attention  to  it  when  it  became  manifelied 
to  a  great  degree,  and  haftened  from  his  room  to  obferve  it,  only 
when  he  was  called  up  by  the  found  of  the  eledric  bells;  how¬ 
ever,  as  I  will  relate  in  its  proper  place,  he  has  feveral  times  hap¬ 
pened  to  obferve  the  real  eledricity  of  evening  dew ,  though  he 
confidered  it  in  a  different  light. 
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1139.  Laflly,  this  prefent  year,  on  the  beginning  of  April,  I 
have  again  repaired  to  Garzegna,  in  order  to  make  new  ob- 
fervations,  (for  it  is  by  conftant  obferving  alone,  that  I  learn 
how  to  obferve  properly)  and  it  feems  to  me  that,  with  refped 
to  the  eledricity  of  evening  dew,  the  few  following  propofitions 
may  be  laid  down  as  founded  upon  fads. 

1140.  Prop.  XIV.  In  cold  feafons ,  if  the  Jky  is  clear,  no  Jirong 
wind  prevails,  and  a  pretty  great  degree  of  drynefs  continues  to 
obtain ,  an  electricity  of  confiderable  intenjity  arifes  after  fun-fet  as 
Joon  as  the  dew  begins  ;  the  frequency  of  J'uch  electricity  is  moreover 
greater  than  that  of  the  daily  eleCiricity ,  and  it  vanifhes  with  great 
fownefs. 

1 1 41.  Prop.  XV.  In  temperate  or  warm  feafon ,  tf  the  fame 
circumjlances  as  above  take  place ,  an  eleCiricity,  entirely  Jimilar  to 
the  former,  arifes  as  foon  as  the  fun  has  fet  ;  only ,  its  intenjity  is 
not  fo  conftant,  it  begins  with  more  quicknefs,  it  rifes  to  a  greater 
frequency,  and  ends  fooner. 

1142.  Prop.  XVI.  If,  under  the  above  circumfances ,  refpeClively> 
the  general  drynefs  of  the  air  happens  to  be  lefs ,  then  the  eleCiricity 
that  arifes  in  the  evening,  when  the  dew  begins,  is  lefs ,  in  proportion 
to  the  diminutions  of  the  exaClnefs  of  the  infulation  of  both  the  exploring 
wire  and  the  atmofphere  that  then  take  place  ;  but  then,  correfpondently 
to  the  greater  quantity  of  dew ,  the  frequency  of  the  eleCiricity  is 
greater . 

1143.  Pr0P*  XVI L  I  he  eleCiricity  of  dew  depends,  it  feems ,  on 
the  quantity  of  the  dew ,  as  the  eleCiricity  of  rain  depends  on  the 
quantity  of  rain  ;  and  the  peculiar  manner  after  which  this  dew  takes 
place ,  influences  the  eleCiricity,  in  the  fame  way  as  does  the  peculiar 
manner  in  which  rain  likewije  takes  place* 

1144.  Prop.  VIII.  As  rain,  Jhowers ,  Aurora  boreales,  zodiacal 
light ,  have  a  tendency  to  begin  afrejh  for  feveral  fuccefflve  days  with 
the  fame  charaClerific  accidents ,  fo  the  eleCiricity  of  dew  feems  to 
have,  as  it  were ,  an  inclination  to  appear  for  feveral  evenings  fuc - 
cefively ,  with  the  fame  characters . 

1145.  Prop.  XIX.  Let  the  air  in  a  well  clofed  room  be  eie  Cl  rifled, 
that  is  to  fay ,  the  moiflure  and  other  vapours  diffujed  in  it  (887). 

IL 
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IL  Let  a  bottle  filled  with  water  colder  than  the  air  in  the  room , 
and  infulated  on  a  tube  of  glafs,  be  raified pretty  high  in  this  room. 
III.  Let  care  be  had  to  preferve  the  infulation  of  the  glafs  with  warm 
clothes •  IV.  Lhe  electric  figns  that  will  arife  in  two  threads  fuf- 
p ended  to  fuch  bottle ,  will  exaCily  reprefent  the  electricity  of  dew. 
V.  And  they  will  exhibit  the  different  manners  after  which  this 
electricity  takes  place ,  according  as  the  electrified  vapours  in  the  room 
will  be  more  or  lej's  rare ,  according  as  the  difference  between  the  heat 
of  the  air  in  the  room>  and  that  of  the  water  in  the  bottle ,  will  be  lefi 
or  greater ,  and  according  as  the  inflation  of  the  bottle  will  be  more 
or  lefs  exaCi. 

1146.  The  above  proportions  I  have  thus  fet  down  jointly, 
that  the  one  may  ferve  to  add  a  new  degree  of  clearnefs  to  the 
other.  And,  in  order  to  throw  ftill  greater  light  on  thefubjeCt,  I 
have  fubjoined  a  compendious  table  of  twelve  different  obfervations, 
the  only  ones  I  have  had  an  opportunity  of  making  concerning 
the  electricity  of  evening  dew,  during  the  120  days  I  have  redded 
here  fince  the  nth  of  April. 


I, 

II. 

in.  ■ 

IV. 

v. 

VI. 

VII. 

Months. 

Pays. 

Eledlricity 
of  dew. 

Its  beginning, 
hour,  min. 

Hygrometer 
with  firing. 

Its  variations. 

Variations 
of  that  with 
twifled  flraw. 

April 

1  I 

180. 

7»  25. 

19.  8 

O  O 

O 

4 

12 

160. 

7»  3°* 

19.  6 

O  O 

O 

3 

J3 

I5°- 

8>  35- 

19.  2 

O  O 

O 

3 

*7 

12°. 

7»  3°* 

18.  4 

O  O 

O 

5 

20 

1 8°. 

9.  0. 

18. 3 

O  I 

O 

7 

26 

*5°. 

7>  3°- 

17. 7 

O  I 

O 

7 

27 

12°. 

8>  35- 

14.  0 

O  O 

O 

5 

28 

12°. 

8,  20. 

17.  0 

O  O 

O 

9 

9 

22°. 

• 

0 

* 

OO 

*  7*  3 

O  I 

I 

8 

19 

13°. 

8,  40. 

18.  4 

O  O 

2 

0 

22 

23°* 

7»  5°* 

1 7.  0 

O  2 

2 

6 

23 

20?. 

8,  10. 

15.  0 

Q  2 

2 

0 

1147.  The  fmall  quantity  of  obfervations  in  the  above  table*, 
inftead  of  proving  the  exiftence  of  the  electricity  of  dew,  feems 
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rather  to  give  rile  to  objections  again  ft  it.  In  fad,  fince  the 
fall  of  dew  is  l'o  common  an  accident,  how  has  it  happened, 
that  during  120  days,  the  eledricity  of  dew  has  taken  place  only 
twelve  times  ? 

i  148.  But  in  the  fird  place  it  is  to  be  obferved,  that  an  elec¬ 
tricity  of  this  kind,  fomewhat  intenfe,  is  only  to  be  obferved 
when  the  general  drynefs  of  the  air  is  very  great,  as  is  evident 
from  the  column  IV  of  the  table  above,  in  which  the  date  of 
the  hygrometer  with  a  firing,  at  the  time  of  the  rile  of  this 
eledricity  is  fet  down, — -and  alfo  when  fuch  great  drynels  is  of  a 
permanent  kind,  as  is  likewife  manifed  from  the  fleadinefs  of  the 
above  hygrometer  during  the  time  the  eledricity  continued  to  be 
particularly  flrong  (its  variation  having  been  either  very  fmall,  or 
zero)  and  from  the  date  of  the  hygrometer  with  twided  draw 
during  that  fame  time,  the  variation  of  which  was  but  fmall,  and 
has  likewife  been  fet  down  in  the  Vlth  column.  Now,  fuch 
evenings  as  are  altogether  clear,  greatly  and  permanently  dry,  and 
tree  from  any  drong  wind,  are  upon  the  whole  but  very  rare. 

1149.  The  evenings,  during  the  whole  warm  feafon,  ought 
therefore  to  be  excluded  from  the  account,  as  wanting  that  great, 
and  moreover  permanent,  drynefs  above  mentioned.  In  fad,  the 
copious  moifture  which  the  air  diffolves  during  the  day,  ledens 
the  infulation  fo  much,  that  the  frequency  of  the  eledricity 
greatly  increafes,  though  not  its  intenfity  ;  and  this  moidure, 
when  fird  condenfated  by  the  cóolnefs  of  the  evening,  fcarcely 
allows  any  fudicient  infulation  to  fubfid  for  the  eledricity  of 
dew  to  become  manifeded.  The  twelve  times  therefore,  in 
which  I  have,  fince  the  beginning  of  this  feafon,  had  an  op¬ 
portunity  of  obferving  an  eledricity  peculiarly  intenfe,  ought 
not  to  be  reckoned  out  of  120,  but  only  out  of  perhaps  lefs  than 
fifty  days.  If  indead  of  coming  here  to  Garzegna,  in  order  to 
obferve,  on  the  nth  of  April,  that  is,  on  the  lad  days  of  the 
long  drought  that  had  prevailed,  I  had  come  on  the  beginning 
of  March,  I  do  not  doubt  but  I  might  be  able  now  to  reckon  a 
much  greater  number  of  obfervations,  in  the  fame  manner  as  I 
have  formerly  been,  in  more  proper  feafons  than  this,  though  I 
fpent  a  much  lefs  number  of  days  in  obferving. 
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1150.  Befides,  it  ought  to  be  obferved  that  I  have  let  down 
only  thofe  days  in  the  above  table,  in  which  the  electricity  has 
been  fufficiently  firong  to  carry  the  divergence  of  the  balls  to 
*  twelve  degrees,  or  above,  as  is  marked  in  the  2d  column  :  I  have 
purpofely  confined  myfelf  to  fuch  days,  becaufe  the  eleCtricity  I 
mention  differs  greatly  from  the  common  daily  one,  and  is 
thereby  very  apt  to  engage  the  attention  of  an  obferver.  When¬ 
ever  an  electricity  arifes  in  the  evening,  after  the  ceafing  of  the 
daily  one,  though  it  may  prove  much  lefs  than  the  above,  and 
even  be  merely  manifested  by  adhefions  of  the  balls  to  my  finger, 
yet  it  incontefiably  arifes  from  the  dew,  fince  it  is  conftantly 
proportioned  to  the  quantity  of  this  latter  ;  and  fuch  electricity 
arifes  every  day  in  which  a  fufiicient  drynefs  in  the  air,  that  is  a 
fufficient  infulation,  obtains,  and  when  no  firong  wind  blows. 

1 1 5  1  -  This  mention  which  I  make  of  drynefs  in  the  air,  and 
of  inhalation,  leads  me  to  give  the  folution  of  a  difficulty  con¬ 
cerning  the  eleCtricity  of  dew,  that  feem  to  arife  from  the  in- 
fpeCtion  of  the  columns  V.  and  VI.  That  is  to  fay,  if  fo  firong 
an  eleCticity  as  above  obtained,  confequently  fo  confiderable  a 
quantity  of  dew  fell  on  the  evenings  of  the  twelve  above  men¬ 
tioned  days,  how  came  it  to  pafs  that  fo  finali  variations  took 
place  in  the  two  hygrometers  as  are  fet  down  in  thofe  two 
columns  ?  The  hygrometer  with  a  firing  remained  leverai  days 
without  any  motion  at  all  ;  and  the  hygrometer  with  twified 
firaw,  frequently  moved  only  a  few  parts  of  a  degree. 

1 152.  In  the  firft  place,  it  is  evident  from  the  variations  in  the 
hygrometer  with  twified  firaw  having  been  greater  than  in  that 
with  a  firing,  that  the  fieadinefs  of  the  latter  was  then  owing  to' 
its  fluggifhnefs  merely  ;  and  this  I  have,  befides  found  confirmed, 
by  a  number  of  other  faCts.  Neither  are  we  to  think  that  the 
hygrometer  of  twified  firaw  itfelf,  was  totally  free  from  the  above 
defeCl;  befides  that,  as  it  was  placed  in  a  much  lower  lituation 
than  the  exploring  wire,  it  was  affeCted  later  by  the  moifiure  of 
the  dew. 

11  51.  In  order  to  judge  of  the  quantity  of  moifiure  that  is 
neceffary  for  making  the  twified  firaw  advance  half  a  degree,.  T 
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try  to  breathe  upon  it  feveral  times  confecutiveiy  ;  when  I  ob- 
ferve,  I.  That  at  the  fift  breathing  it  makes  fome  little  motion. 
IT.  But  it  moves  fo  far  as  the  whole  half  degree,  only  when  I 
have  breathed  four  or  five  times  upon  it.  III.  If,  after  the  firft  or 
fecond  breathing,  I  ceafe  to  breathe,  the  hygrometer  conftantly 
fit  ows  a  tendency  to  move  back.  IV.  When  I  breathe  upon  it, 
for  the  fixth  or  ieventh  time,  then  it,  as  it  were,  leaps  at  once  to  the 
diftance  of  an  whole  degree. 

1154.  From  thefe  different  accidents  I  conclude,  that,  even  in 
tlie  hygrometer  of  twifted  firaw,  a  kind  of  lluggifhnefs  obtains, 
— that  Ionie  time  is  requifite  to  enable  the  moifture  to  penetrate 
into  the  inmoft  pores  of  it,  and  dilate  them, — that  the  quantity 
of  moifture  neceffary  to  make  this  hygrometer  move  half  a  degree 
is  not  quite  inconfiderable, — and  laftiy,  that  the  dampnefs  muft  be 
fomewhat  continued,  elfe  the  hygrometer  will  move  back. 

1255.  But  when  I  moreover  confider  that  the  eledlricity  from 
the  dew  grows  more  manifeft,  every  other  circumftance  being 
equal,  in  proportion  as  the  length  of  the  exploring  wire  is  greater, 
and  that  the  length  of  that  which  I  ufe,  furpafies  eight  hundred 
times  the  length  of  the  above  twifted  ftraw,  I  underftand  how  the 
loweft  degree  of  dampnefs  which  the  latter  is  able  to  indicate,  is 
iufticient  to  create  and  maintain  a  pretty  confiderable  electricity 
in  the  exploring  wire. 

.156.  The  above  fad  I  more  particularly  difcover  when  I  ob- 
ferve  the  kind  of  proportion  that  obtains  between  the  different  man¬ 
ners  in  which  electricities  of  ftrong  kinds  take  place,  and  the  then 
variations  of  the  hygrometer  with  ftraw.  For,  as  I  have  faid 
in  Prop.  XVII.  and  as  I  obferved  in  April  laft,  when  the  feafon 
was  above  the  temperate  degree,  the  eleClricity  of  dew  (except 
that  it  is  always  of  the  exceflive  kind)  leems,  in  its  different 
changes,  to  follow  proportions  much  like  thofe  which  take  place 
between  the  eleClricity  of  calm  mild  rain,  and  that  of  rainy  ftormy 
weather. 

1157.  In  fad!,  on  the  three  firft  evenings  in  which  I  have 
obferved  in  April,  I  found  that  as  the  twifted  ftraw  fcarcely  could 
move  three  or  four  tenth  parts  of  a  degree,  fo  the  eleClricity  from  the 

dew 
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dew  rofe  with  great  quicknefs,  it  ledened  very  flowly,  and  when 
annihilated,  it  did  not  rife  again  to  the  fame  degree,  or  nearly, 
but  after  fifteen  minutes  of  time  :  at  1 1  o’clock  30",  a  divergence 
of  12  or  10  degrees  continued  to  obtain  ;  and  on  the  morning, 
before  the  rifing  of  the  fun,  pretty  quick  adhefions  dill  took 
place,  and  a  great  drynefs  flill  continued  to  prevail,  fo  that  the 
hygrometer  with  a  firing  had  not  moved  half  a  degree. 

1158.  The  very  reverie  happened  in  my  lall  obfervations  in 
May.  I  will  produce  as  an  inflance  that  I  made  on  the  22d. 

I  found  the  electricity  to  have  rifen  to  1 5,  16,  1  8,  and  23  degrees  ; 
and  between  7  o’clock  50',  and  8  o’clock,  that  is,  in  ten  minutes 
of  time,  it  fell  to  15:  lìnee  that  time  it  kept  decreafing  and  in- 
crealing  between  8  and  15  degrees;  and  by  farther  fuccefiive  va¬ 
riations  it  was  at  lad,  about  1  1  o’clock,  brought  to  only  a  fmall 
divergence.  Now,  all  the  above  variations  of  the  electricity 
corresponded  to  variations  in  that  quantity  of  moiflure  in  the 
air,  which  took  place  at  that  time,  as  was  indicated  by  the 
twifled  draw,  which  now  and  then  darted  back  towards  dry¬ 
nefs.  With  regard  to  the  frequency  of  the  electricity  during  that 
evening,  I  obferved,  at  10  o’clock,  that  two  feconds  after  touching 
the  eleCtrofcope,  the  balls  began  to  diverge  afrefh. 

1159.  The  confident  variety  of  the  above  accidents  fully  de- 
mondrates  the  condant  connection  that  obtains  between  the 
dew  and  the  atmofpheric  electricity  ;  for  the  manner  after  which 
dew  takes  place,  varies  as  regularly  as  the  manner  of  rain  does, 
according  to  feafons.  Nor  is  it  necelTary  that  the  dew  fhould 
be  very  copious  in  order  to  produce  a  drong  electricity;  on  the 
contrary,  a  very  great  quantity  of  it  would  at  lad  dedroy  the 
infulation  of  both  the  wire  and  the  atmofphere.  The  electricity 
itfelf  of  rain,  the  intenfity  of  which  is  fo  fuperior  to  the 
latter,  likewife  requires  that  the  exploring  wires  Ihould  be  in 
fome  meafure  infulated  ;  and  in  proportion  as  the  rain  becomes 
more  extenfively  didufed,  this  electricity  grows  lefs  fenfible;  and 
it  only  recovers  its  former  intenfity,  when  a  change  takes  place 
in  the  nature,  or  rather  the  manner  of  the  rain.  Now,  dew  is  con- 
dantly  didufed  in  great  plenty  towards  the  ortive  hemilphere, 
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and  its  electricity  may  be  compared  to  that  of  a  very  rare  and 
fubtle  rain  ;  and  it  therefore  requires  fome  degree  of  infulation 
fhould  obtain  in  that  part  of  the  atmofphere  which  is  little  raifed 
above  ground,  in  which  alone  we  can  obferve  it  :  dew  muft 
therefore  be  in  fmall  quantity,  that  it  may  not  diffufe  away  its 
own  eleCtric  fire. 

1160.  The  daily  electricity,  to  fum  the  whole  in  few  words,  is 
therefore,  like  an  electricity  of  a  very  rare  fog,  which  rifes,  grows 
dilated,  and  thus  leflens  continually  lefs  and  lefs  the  inhalation  : 
the  noCturnal  electricity  is  like  an  electricity  of  rare  and  fubtle  rain, 
which  defcends,  gathers  together,  and  continually  lefiens  more 
and  more  the  inhalation.  Hence  tlie  daily  electricity  is  of  a 
continuous  kind;  the  noCturnal  frequently  fails;  and  it  only 
attain  its  greateh  degree  of  intenfity,  when  the  increafe  of  that 
moihure  which  is  the  conductor  of  it,  happens  to  take  place 
without  injuring  the  infulation. 


Garzegna  di  Mon  dovi, 
April  2,  1 776. 


P.  S .  The  time  at  which  the  ftrong  eleCtricity  of  evening 
dew  begins,  varies  very  irregularly/  as  may  be  feen  in  Prop.  III. 
Sometimes  I  have  found  it  to  begin  before  fun-fet  ;  but  then, 
feveral  clouds,  pretty  high  and  thick,  lay  in  the  part  of  the  Wed, 
and  the  thermometer,  as  well  as  the  hygrometer,  anticipated 
their  ufual  variations.  At  other  times  the  fame  has  only  begun 
after  eleven  o’clock  at  night;  nor  have  I  always  been  able  to  find 
out  any  fatisfaClory  reafon  for  it. — I  likewife  think  that  the 
morning  dew  under  proper  circumftances,  gives  rife  to  a  peculiar 
kind  of  eleCtricity.  The  three  obfervations  on  hoar-froft,  which 
have  been  mentioned  in  a  former  place,  may  be  confidered  as 
proofs  of  this;  however,  in  order  that  this  eleCtricity  may  become 
manifeft,  care  muft  be  had  that  the  preceding  evening  dew 

hath 
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hath  not  injured  the  infulation  of  the  apparatus.  In  the  above 
mentioned  obfervation  on  the  23d  of  June,  I  think  I  difcerned 
an  elediricky  of  morning  dew  :  the  dew  of  the  preceding  evening 
had  been  exceedingly  rare,  as  I  found  by  means  of  the  hygrometer 
of  twitted  ttraw  j  on  the  morning  at  3  o’clock,  the  balls  of  the 
electrometer  fcarcely  manifefted  any  tendency  to  adhere  to  my 
finger,  and  yet  at  four,  they  brifkly  vibrated  between  it,  and  the 
brafs  plate  that  ttands  clofe  to  them. 
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INDEX. 

The  figures  refer  to  the  Paragraphs. 

A. 


ADHESION,  of  infulating  to  defe- 
rent  bodies,  942. — of  infulating 
bodies  to  one  another,  943,  &c. 

■A gat,  polilhed,  a  difcharge  does  not  run 
over  its  furface,  617. 

Air ,  the  eleCtric  lire  inherent  in  it  en¬ 
deavours  to  balance  itfelf  without  mixing 
with  the  moveable  fire  of  deferent  bodies, 
134. — its  dampnefs  lefiens  the  intenfity  of 
charges,  271. — when  very  damp  fuppreffes 
eleCtric  figns,  275. — being  condenfated 
within  a  glafs  globe  or  cylinder,  does  not 
hinder  its  eleCtricity,  412,  etfcq. — whether 
a  ftratum  of  it  can  be  charged,  418  to  426. 

• — why  a  very  thin  layer  of  it  cannot  be 
charged,  428. — in  what  proportion  it  op- 
pofes  the  paflage  of  fparks,  520,  521, — a 
violent  ftroke  from  it  on  infulating  bodies 
produces  light,  766. — driven  by  the  elec¬ 
tric  fire  as  it  flows,  885. — bubbles  of  it 
lighten  in  the  barometer  as  they  rife,  907. 
— the  eleCtric  fire  in  the  air  between  two 
bodies  fimilarly  electrified,  cannot  be  al¬ 
ternately  either  condenfated  or  dilated, 
except  in  oblique  directions,  917. 

Air ,  vaporous,  takes  in  electricity,  887, 
888. — how  difcovered,  889  — effeCts  of 
its  eleCtricity,  890. — how  its  eleClricity  is 
to  be  inveftigated,  893.  —  how  it  is  pro¬ 
pagated,  894. — how  long  it  lafts,  896. 

Alum ,  a  difchage  does  not  run  over  its 
furface,  617. 

Animals ,  when,  and  why  killed  by  elec¬ 
tric  fparks,  637,  et  feq. — effeCts  which 
fparks  produce  on  them,  we  arine fs ,  &c,  645. 


— fparks  run  through  their  mufcles  which 
are  of  the  greateft  capacity,  624,  631  to  636. 
— eleCtricity  promotes  their  perfpiration, 
656. 

Apparatus ,  (eleCtric)  what  it  is,  40,  fol. 

- — its  goodnefs  how  tried,  70. 

Approaches ,  of  bodies  contrarily  electri¬ 
fied,  to  what  they  are  proportioned,  836, 
860,  &c, — motions  of  fimple  preffion ,  6, 

857.  — compounded  with  recejjions  of  bodies, 

858.  — when  they  become  transformed  into 
receflions,  935.  — why  a  body  placed  in 
the  middle  between  two  fyftems,  the  one 
electrified,  the  other  not,  remains  neareft  to 
that  which  is  not  eleCtrified,  880. 

Atmojpheres  (eleCtric)  what  they  are,  417. 
— how  produced  418.  — they  raife  an  elec¬ 
tricity  contrary  to  their  own,  in  fuch  bodies 
as  are  immerfed  in  them,  432,  436,  444, 
445. — place  of  their  mutual  equilibrium, 
470. — operate  obiiquely,  452. — are  either 
moveable  or  unmoveable, 465. — homologous 
ones  ftifle  the  brufh,  flar,  and  eleCtric  wind, 
799,  et  feq. — their  reaction  produces  electric 
brufhes,  815. — tlveir  repulfive  force,  879. — • 
are  not  altered  though  the  air  changes,  500. 
—  their  duration,  501. — their  difference 
from  aereo-vaporous  eleCtricity,  '937.-— in 
charges  of  plates  they  bend  themfelves,  and 
extend  to  the  oppofite  furfaces,  453,  455. 
— their  fimilarity  in  cafes  of  vindicating  elec¬ 
tricity,  is  not  repugnant  to  the  Franklinian- 
theory,  it  on  the  contrary.,  proceeds  from 
the  fame  principle,  978. 

Battery., 
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Battery ,  an  eleCtric,  very  convenient  and 
effectual,  335. 

Borax,  in  what  fiate  left  by  fparks,  739. 

Bczv ,  conducing,  194. — mult  be  con¬ 
tinuous,  318,  319. —  muft  terminate  in 
round  balls,  326,  329. —  its  length 

weakens  difeharges,  319,  325. 

Bran ,  why  its  parts  become  difpofed  into 
rows,  884,  934. 

Brujb,  eleCtric,  what  it  is,  14. — its  def- 
cription,  113. — does  not  take  place  on 
luch  points  as  are  bent  towards  the  fyftem 
from  which  they  fpring,  115. —  its  con¬ 
trariety  from  the  ftar,  117. — fuch  con¬ 
trariety  does  not  proceed  from  two 
different  fluids,  1 1 8 ,  et  feq.—  proves  the 
truth  of  the  theoiy  of  charges,  \%%etfeq. 
— its  changes  according  as  the  air  becomes 
dilated  520,  et  Jeq. — it  bends  towards  a  de¬ 
ficient  atmofphere  115,  567. — why  its  rays 
fpring  to  fuch  diftances,  793. — the  ef¬ 
ficient  caufe  of  it,  815,  et  feq. — objection 
againft  fuch  caufe,  827,  et  feq. — why  its 
rays  are  fo  extended,  835.  — when  trans¬ 
formed  into  a  falfe  ftar,  822.  — the  real  di¬ 
rection  of  the  fire  that  forms  it  cannot  be 
difeovered  with  the  eye,  787.-™*whence  the 
error  of  thofe  who  thought  they  might  by' 
fight  difeover  fuch  direction,  788. 

Brujh,  falfe,  what  it  is,  and  how  ob¬ 
tained,  119,789. — its  charaCteriftics,  122. 
— its  formation,  as  well  as  explanation, 
831,  et  feq. 

C. 

Calx,  of  antimony,  in  what  fiate  left  by 
fparks,  739. — metallic  calces  how  brought 
back  to  the  fiate  of  metals,  by  fparks, 

740. 

Cavity,  no  eleCtrieity  is  difplayed  on  its 
internal  furfaces,  444,  et  feq.  455. — nor 
between  bodies  within  it,  445,  et  feq. 

Chain,  or  firft  conductor,  its  eleCtrieity 
lefieris  whenever  a  fign  takes  place,  58. — 
when  figns  become  perpetual  in  it,  69. 

Charcoal,  is  deferent,  276. 

Charges ,  elcCtric,  what  they  are,  177. — 
in  what  bodies  can  be  formed,  178,  198, 
et  feq. — how  are  formed,  179. — why  take 
place,  180,  312. — do  not  obtain  in  deferent 
bodies,  1 9 1)  331»  ct  feq. — combined  be¬ 


tween  themfelves,  242,  et  feq. — propor¬ 
tioned  to  the  capacity  of  the  bottles,  243. 
—  formed  on  uncoated  glafs,  205.  — formed 
wi:h  fparks,  206,  et  feq — by  alternation, 
210,  et  feq. — cannot  be  formed  in  a  com¬ 
plete  vacuum,  258.— are  proportioned  to 
the  imperfection  of  the  vacuum,  259. — 
method  of  Dr.  Prieftly  to  increafe  their  in- 
tenfity,  309.  — method  to  preferve  them, 
310 ,  et  feq. — the  theory  of  them,  177,  183. 
et  feq.  203,  240,  258.  —  its  truth  proved  by 
experiments  with  brufhes  and  fiars,  183, 
et  feq.  —  objections  againft  it,  219.  —  charges 
how  formed  by  friCtion,  365,  369,  373. — an 
increafe  of  heat  caufes  charges  to  proceed 
farther,  300,  ec  feq.  —  the  caufes  that  lef- 
fen  or  cbftruCt  charges,  268,  et  feq. — . 
cautions  to  be  obferved  in  forming  them, 
279. 

Cinnabar ,  in  what  fiate  left  by  fparks, 
740. 

Coatings,  metallic,  how  far  contribute  to 
the  intenfity  of  charges,  332. 

Cold,  is  produced  by  an  evaporation  of 
moift  vapours,  756. 

Condenfation ,  of  the  eleClric  fire,  how  can 
be  faid  to  take  place  in  a  deferent  body, 

9 r5>  n- 

Contra  friflion,  what  it  is,  946. 

Convexity,  the  eleClric  fire  fprings  from 
the  furfaces  of  bodies  in  proportion  to  the 
degree  of  their  convexity,  455.  — why  the 
quantity  of  the  fire  that  gets  into  bodies,  in 
cafes  of  deficient  eleClricity,  is  likewife 
.proportioned  to  their  convexity,  812. — 
infinite  convexities  or  points,  their  effects, 
812,  et  feq. 

Copper,  when  it  has  been  melted  by  a 
fpark,  what  colour  it  exhibits,  709,  714. 

Cujhion ,  rubbing,  contrived  by  Mr. 
Canton,  36. 

Cylinder ,  of  glafs,  why  to  be  preferred  to 
a  globe,  46. — lends  no  eleClricity  to  the 
chain,  when  internally  coated,  384. 

D. 

Deferent,  bodies,  what  they  are,  16.  et 
feq. — rubbed  againft  each  other  afford  no 
fire,  34. — contain  a  determinate  quantity 
of  fire,  461. — no  lafting  condenfation  or 
dilatation  of  the  eleClric  fire,  can  obtain 
within  their  fubftance,  915. — though  they 

may 
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may  over  their  furfaces,  916. — their  at- 
mofpheres  are  moveable,  465. — how  dif¬ 
ferent  from  infulating  bodies,  462. — their 
deferency  is  in  an  inverted  ratio  to  their 
length,  324. 

Deficiency ,  of  the  eleCtric  fire,  it  implies 
a  lefs  denfity  of  it,  437.  — endeavours  to 
produce  an  excefs  in  neighbouring  bodies, 
437,  449  — its  charaCteriltic  fymptom  is  a 
little Jiar  on  a  point  annexed  to  the  body 
in  which  it  takes  place,  14,  114,  117, 

835-  . 

Dcnfity>  of  the  eleCtric  fire  is  proportioned 
to  its  excefs,  &c.  436. 

Difcharges,  how  effeCted,  i8r,  19 1. — 
how  can  appear  unequal,  after  equal  con- 
fequent  charges,  255. — difcharges  filently 
effected,  275. — caufes  that  weaken  them, 
315. — method  to  render  them  mod  effec¬ 
tual,  327,  et  fieq.—  how  tranfmitted  to 
great  distances,  600. 

Difpofition ,  of  bodies  in  the  fire’s  way, 
what  ought  to  be  underftood  by  it,  882, 
etfeq.  993.. 

Difiributicn ,  of  the  electricity,  ic6, 
etfeq 

Dow ,  foft,  is  depreffed  by  a  fpark  fent 
over  its  furface,  6 1 1. 

Drops  (batavic)  give  no  light,  when 
broken,  773,  et  fiq. 

E. 

Electricity,  eleCtricifm,  what  they  are, 

5. — abfolute ,  ho-v  formed  and  how  efti- 
mated,  88,  et  feq.—refpeCtivc ,  what  it  is, 

93- — of  afiual  charge ,  427. — the  elec¬ 

tricity  of  a  body  is  not  diffufed  into  the 
ambient  air,  415,  500. — the  contrariety  of 
electricities  »  confiitures  the  greatnefs  of 
charges,  430.  —  electricity  produces  the 
evaporation  of  liquids,  647,  et  fiq. — vege¬ 
tation,  635. — the  perfpiration  of  animals, 
656. — its  ufe  in  pbyfic,  660,  et  fieq. — 
what  reaction  it  experiences  from  the  at- 
mofpheres  cf  bodies,.  812 — when  pre¬ 
vented  from  manifeliing  itfelf,  420,  429, 
484* 

Electricity ,  aereo-vaporous,  887,  et  fiq. 

— if  it  be  equal  to  that  of  the  bodies  im- 
merfed  in  it,  they  will  remain  fufpended  in 
their  natural  direction,  890,  et  fiq . — it  en¬ 
deavours  todeftroythe  eleCtricityofthebodies 
imnaerfed  in  it,  and  to  raife  in  them  a  con* 
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trary  electricity,  892. — method  of  in- 
veftigating  it,  893,  897. — how  propaga¬ 
ted,  894. — its  duration  is  greater  accord¬ 
ing  as  the  vapours  through  which  it  is- 
diffufed  are  rarer,  and  lefs  deferent,  896. 
— difference  of  it  from  eleCtric  atmofpheres, 

937- 

EleCtricity ,  atmolpheric,  its  operation  on 
animal  ceconomy,  667,  et  fieq. — promotes 
vegetation,  672,  et  fieq. — not  altered  by 
copious  fmoke,  671. 

Electricities ,  fimilar,  produce  mutual  re- 
cefiions  of  bodies,  contrary  electricities 
produce  mutual  approaches,  836,  839,  882,  ■ 

939’  959* 

Electricity ,  vindicating,  what  it  is,  941. 
—  produces  the  tru'ual  adhefions  and  mo¬ 
tions  of  infulating  bodies,  942,  et  feq. — 
gives  no  fign  when  the  bodies  actually 
adhere  to  each  other,  but  only  when  dis¬ 
jointed,  943,  feq-  955’  9^0.  —  and  when 
the  rubbed  furface  gets  out  of  the  friction, 
952,  etfeq. — is  repugnant  to  the  theory  of 
two  fluids,  96 r. — its  law  is  that  infulating 
bodies  lofe  their  vifible  electricity  when 
palling  to  a  fiate  of  adhefion,  and  recover 
it  when  feparated,  960- — the  fame  obtains 
equally  in  rare  infulating  fubfiances,  and 
in  compact  infulating  ftrata,  the  only  dif¬ 
ference  arifes  from  the  latter  being  capable 
of  a  charge,  which  the  other  are  not,  964, 
fieq. — vindicating  pofitive  electricity,  what 
it  is,  97 5>  fiq- — negative  one,  976. — limits 
between  the  pofitive  and  negative  vindi¬ 
cating  electricities,  how  difeovered,  983. 

EleCtroficope ,  what  it  is,  7.  — how  to  make 
a  very  lenfible  one,  82. — its  divergence 
univerfally  indicates  the  denfity  either  ex- 
ceflive,  or  defective,  of  the  eleCtric  fire, 
but  not  its  quantity,  except  inafmuch  as 
it  is  proportioned  to  the  denfity,  1 10. — the 
tenfion  of  its  threads  is  an  allured  fign  ot 
the  eleCtricity  being  turned  into  a  con¬ 
trary  one,  497. 

Evaporation  of  liquids,  produced  by 
eleCtricity  is  not  proportioned  to  the  ab¬ 
folute  fui  face  of  thefe  liquids,  but  to  the 
liberty  of  their  furfaces,  647. — ceafes  when- 
their  furfaces  are  every  where  counter¬ 
acted  by  homologous  electricities,  650. 

Excefs  of  eleCtric  fire,  in  a  body  tends  to 
produce  a  deficiency  in  another  body  not 
deCtrified,  422,  431»  449*  —  implies  an- 
increafe  of  denfity,  436- — what  reaction 

it- 
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it  experiences,  8 1 2.— excefs  in  a  body 
creates  a  tendon  in  the  fire  of  the  ambient 
air,  808,  ct feq. 

F. 

Fire,  eledlric,  its  univerfal  diffufion,  1, 
55»  79- — when  becomes  manifefled,  3. — 
whence  derives  its  name,  5.— produced  or 
rather  unbalanced  by  friction,  29. — not  by 
heat,  31. — except  in  the  Turmalin  gem, 
30,  670. —its  circulation  regulated  by  me¬ 
chanic  laws,  323.  — its  operation  upon  air, 
532. — throws  back  in  every  direction  re- 
lifting  fubftances,  345. — difpofes  deferent 
bodies  in  its  paflkge,  594,  et feq. — 605, — 
in  living  bodies,  only  flows  through  their 
aqueous  part?,  622. — exceedingly  adlive, 
669. — is  diflipated  in  dilated  air,  749. — 
through  rricift  vapours,  752. — diffufes  itfelf 
to  an  equality,  759. — its  velocity  when 
getting  into,  orout  of  points,  787,  790. — 
lets  bodies  in  motion  by  operating  une¬ 
qually  on  their  oppoiite  parts,  905. —its 
analogy  with  common  fire,  12,  175,  277, 
578,  727,  742,  759.— its  adtual  diffufion 
is  the  caufe  of  the  ofcillations  of  bodies, 
866,  et  feq.  882. 

Fire,  common,  produces  different  colours 
in  metals,  746. — is  moft  difficulty  propa¬ 
gated  through  infulating  bodies,  749. — 
moft  eafily  through  metals,  757-  —  is  d if- 
fipated  in  dilated  air,  749. — the  more 
ftrongly  retained  in  proporiion  as  the  air 
is  denfer,  751. — is  diflipated  through  moift 
vapours,  752.— diffufes  itfelf  to  an  equality, 
759. 

Flame ,  what  is  neceflary  to  preferve  it, 
277. -—does  not  take  place  with  inclofed 
vapours,  752.— does  not  increafe  the  weight 
of  metals,  774. 

Flafks ,  Bologna,  give  no  light  at  the 
inftant  when  they  are  broken,  774. 

Fluids ,  animal ,  a  difcharge  fent  through 
them  produces  a  crack  or  explofion  which 
is  more  united,  and  it  feems,  louder,  617. 

Fluids ,  eledlric,  hypothecs  of  two  dif¬ 
ferent  ones,  125,  et  feq. — applied  to  eledlric 
motions,  1 34,  et  feq.  —  its  improbability,  11, 
et  feq .  961. 

Fog,  its  operation  on  thermometers,  759. 

FriSiton.  produces  the  circulation  of  the 
eledlric  fire,  157. — electrifies  the  one  fur- 


face  of  a  plate  of  glafs,  without  there  arifes 
a  contrary  eledlricity  on  the  oppofite  one, 
366. — increafes  the  capacity  of  the  glals, 
370. — and  of  rare  fubftances  ftretched  on  a 
plain  furface,  946. —  which  body  is  to  be 
laid  to  perform  the  fridtion,  162. — the 
rubbing  body  gives  its  fire  to  the  other, 
if  they  be  of  the  fame  nature,  162,  171, 
et  feq. 

Fulminating,  globe,  its  conftruclion  and 
force,  202. 

G. 

Glafs,  recent,  unfit  to  produce  exadl  in- 
fulatton,  283,  et fq. — may  retain  fome  de¬ 
gree  of  chafge,  291. — glafs  melted  by  a 
fpatk,  699,  ct  feq. — is  impervious  to  the 
eledlric  fire,  313,  40O—  fhivered  by  a 
fpatk,  703.— what  degree  of  heat  renders 
it  deferent,  302 — what  renders  it  pervious 
to  the  fire,  303,  312. 

Gold,  melted  by  a  fpark.  what  colour 
exhibits,  707,  714. — its  wafte,  726. 

Gunpowder ,  how  kindled,  322. — its  force 
furpafies  that  of  the  vapours  that  would 
oiherwife  ftifle  its  flame,  753. 

H. 

Harmony,  how  obtained  by  means  of 
eledlric  ofcillations,  871. 

Harpftchord ,  eledlric,  872. 

Heat,  what  degree  of  it  renders  glafs 
deferent,  302,  303,  312. — a  great  degree 
of  heat  prevents  charges,  296,  et  feq. 

Hole,  bored  through  feveral  (heets  of 
paper  by  a  fpark,  542,  et  feq — its  fhape 
does  not  favour  the  theory  of  two  fluids, 
544. — is  conformable  to  the  theory  of  one, 
548. 

I. 

Ice,  what  effedl  a  difcharge  fent  over  its 
furface  leaves  behind  it,  613. 

Impenetrability  of  infulating  bodies  to  the 
eledlric  fire,  203,  310,  et  feq. — denied  by 
the  Abbot  Nollet,  then  confeffed,  261. 

Infulation ,  cautions  to  make  it  exadl,  22, 
et  feq. 

Infulating  bodies,  what  are  fo,  21,  et  feq. 
—contain  it  feems,  greater  quantities  of 

eledlric 
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electric  fire  than  deferent  bodies,  460.’ — 
are  lefs  permeable  to  common  fire,  749  — 
under  what  circumffances  the  cle&ric  fire 
may  be  condenfated  or  dilated  within  their 
fubftance,  914. — two  infulating  bodies 
fimilarly  electrified,  recede  from  each  other, 
939  — contrarily  electrified  approach  each 
other,  and  ftrongly  adhere,  941,  et feq. — 
what  kind  of  electricity  a  rare  infulating 
fubftance  receives  by  being  rubbed  when 
fufpended  in  the  air,  945. 

L. 

Leaf,  green,  its  furface  torn  by  a  dif- 
charge  fent  over  it,  615. 

Leiden ,  bottle,  or  phial,  whence  fo  named, 

177.  — its  analyfis  made  by  Dr.  Franklin, 

178.  — how  it  ought  to  be  fitted,  282. — 
equivalent  bottles,  248. 

Length ,  the,  of  the  paffage  afforded  to 
a  fpark,  creates  a  refiftance  to  it,  692,  et 
feq.  722. 

Light ,  eleCtric,  is  proportioned  to  the 
refiftance  of  the  medium,  587. 

Light ,  of  dift'uflon,  what  it  is,  141. 
— its  property,  139. — light  of  over-flow , 
what  it  is,  142.  — how  demonftrated,  145. 
— how  produced,  146,  55  3.T — departing 
light,  1 5 1 ,  153,  367. — its  exiftence  and 
intenfity,  to  what  are  proportioned,  155. — • 
light  of  diflribulion ,  151. — its  exiftence  and 
degree  of  intenfity,  156. — light  of  return , 
151,  153.  — its  degree  of  intenfity,  158. — 
light  of  difcharge  in  vacuo ,  262  — whence 
the  traCts  of  light  in  a  rubbed  cylinder  that 
is  filled  with  air,  406,  et  feq. — whence 
light  arifes  in  a  rubbed  cylinder  emptied  of 
air,  390,  et  feq. —  in  a  cylinder  in  which 
the  air  is  dilated,  401,  ct  feq. — interruption 
of  light,  in  the  paffage  of  the  eleCtric 
fire,  527,  et  feq. — light  of  fparks  more 
vivid  at  their  extremities,  540. — traverfes 
through  the  fubftance  of  infulating  bodies, 
353,  et  feq.  —  is  produced  by  the  vibration 
of  the  fire  inherent  in  them,  356.  — what 
it  is  while  paffing  through  dilated  air,  or  the 
vacuum,  522,  et  feq. — light  produced  by  a 
vehement  ftroke  of  the  air  againft  infu¬ 
lating  bodies,  766,  et  feq. — it  is  a  real  light 
of  eleCtric  fire,  778. — varied  colour  of  the 
eleCtric  light,  526. 
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Lightning ,  a  few  effeCis  of  it,  464,  593, 
622,  631,  641,  et  feq.  —  696,730,  735. 

Litharge ,  of  lead,  in  what  fiate  lek  by  a 
fpark,  739. 

M. 

Machine ,  electric,  and  its  conftituent 
parts,  42,  et  feq.  —  its  eleClricity  is  leffened 
by  the  taking  place  of  any  eleCtric  fign,  58. 
— when  figns  become  perpetual  in  it,  72. 

—  when  no  fign  takes  place  in  it,  67,  et 
feq.  75. — in  the  common  apparatus,  is 
eleCtric  by  deficiency,  1 1 6. 

Magnetifm ,  produced  by  eleCtric  fparks, 
729. — needles  traverfed  by  fparks  receive  a 
magnetic  direction,  which  is  not  regulated 
by  the  direction  of  the  fire  in  entering  them, 
but  by  their  particular  pofition  when  the 
fparks  were  fent  through  them,  730,  734. 
— the  magnetic  directions  of  needles  are 
inverted  by  fparks,  732,  et  feq. 

Medical  effluvia,  Cannot  be  tranfmitted 
by  metallic  conductors,  660. 

Mercury ,  its  ufe  for  rubbing  bodies,  173. 
— refolved  into  vapour  by  fparks,  597. 

Metals ,  their  particles  refolved  into  va¬ 
pours  by  the  aCtion  of  eleCtric  fparks  or 
difeharges,  598  — are  deferent  in  a  greater 
degree  than  water,  578,  et  feq.  —  according 
to  what  laws  are  melted  by  fparks,  691. — 
melted  by  fparks  remain  infulating,  464, 
698. — leave  marks  imprinted  on  glafs,  699. 

—  their  melted  particles  penetrate  into,  and 
coalefce  with,  the  latter’s  fubftance,  700. 

—  in  that  ft:3te  refift  aquafortis,  702. —their 
colour  altered  by  fparks,  707,  et  feq  — 
mode  of  the  above  fufion  of  metals  on  glafs, 
712,  715. — are  reduced  by  fparks  into 
calces,  glafs,  fcoriae,  724.  — their  wafte  by 
melting,  726. — order  in  which  metals  are 
capable  of  bearing  eleCtric  ftrolces  without 
being  altered,  725,  726.  — iron  alone  con¬ 
tracts  magnetifm,  737.  —  their  phlogiftic 
diffipated  by  fparks,  724,  744. —  receive 
different  colours  from  the  electric  as  well  as 
the  common  fire,  745,  746.  — are  the  mod 
permeable  of  all  bodies  to  common  fire, 
757. — their  weight  does  not  increafe  from 
their  being  expefed  to  a  flame,  774. 

Mortar ,  eleCtric,  592. 

Qcq  q  Motions , 
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Motion^  eleCtric,  what  they  are,  9, — of 
fimple  preffion ,  232,  236. —  of  altratticn,  of 
rep/lfiariy  236  — laws  of  thefe,  836 — de¬ 
viation'-  of  bodies,  towards  what  part  are 
effected,  and  whence  they  arife,  846,  et 
Jeq.  ^>77»  et  fei — no  motion  takes  place 
between  two  bodies  the  one  of  which  is 
electrified,  the  other  not,  236,  note ,  838. — 
motions  of  attuai  elijfujiom ,  865,  et  Jeq. — 
their  law,  882. — ofcillations,  866. — fuf- 
penfions,  880 — difpofition  in  the  fire’s 
way,  881. — eleCtric  motions  grow  languid 
in  proportion  as  the  air  is  farther  dilated, 
Q©3,  et  feq  — are  proportioned  to  the  un- 
baUncement  of  the  fluid,  91 1. — their 
extent  and  direction  are  determined  by  the 
reactions  of  the  atmofpheres,  920,  et  feq. 

■ — motions  of  two  wetted  threads,  938. — 
©1  bodies  immerfed  in  an  eleCtrified  me¬ 
dium,  887,  et  feq. 

O. 

Ofcillations ,  eleCtric,  866.  — the  diffufion 
of  the  eleCtric  fire  is  the  efficient  caufe  of 
them,  867.  —  their  difference  from  the 
ofcillations  produced  by  gravity,  869. — 
harmony  obtained  by  their  means,  871. 

P. 

Paper ,  anointed  with  oils  blackened  by 
fparks,  744. 

Pajleboardy  fparks  do  not  run,  when  it 
is  dry,  over  its  furface,  617. 

Phlogijiic  of  metals,  diffipated  by  fparks, 
724. — a  certain  quantity  of  it  render  bodies 
better  apt  to  be  burnt  by  fparks,  744. — 
danger  of  arifing  from  the  phlogiftic  which 
is  difengaged  from  metals,  when  melted  by 
lightning,  175.^ 

Pbofphor  of  Kunkel,  is  diffipated  in  di¬ 
lated  air,  749, 

Phofphoreityy  how  produced  by  fparks, 
7Ò3-  _ 

Points ,  their  efficiency  to  draw,  or  throw 
off,  the  eledfric  fire,  13,  — when  they  ex¬ 
hibit  the  brufh,  and  when  the  little  ftar, 
115 — being  annexed  to  a  body  flrongly 
electrified  produce  the  elettric  wind,  781. — 
when  throwing  off  this  wind,  are  repulfed 
back,  786  — the  direction  of  the  fire  that 
gets  ojat  of  them,  or  rufhes  into  them,  can¬ 


not  be  difcerned  with  the  naked  eye,  787. 
— why  conffantly  throw  the  eleCtric  wind 
forward,  whether  the  eleCbic  fire  gets  into, 
or  out  of  them,  798 — what  reaCtion  their 
eleCfricity  1'ufFers  fiom  the  ambient  at- 
molpher',  814,  etjeq — their  differences  in 
point  of  fharpnef>  produces  differences  even 
in  brufhes,  818. — a  {harp  point  difiipates 
more  fire  than  a  blunt  one,  819,  et  feq  — 
why,  821. 

Principle  of  equilibrium  and  motion  of 
the  eleCtiic  fire,  603. 

Q: 

GhteflionSy  various,  why,  though  the 
weather  may  not  be  very  dry,  intenfe 
fparks  may  be  obtained,  272. — why  of  two 
bodies,  the  one  of  which  at  leaft  is  in¬ 
flating,  the  one,  by  rubbing  them  againft 
each  other,  receives  fire  from  she  other,  161, 
etjeq. — why  by  rubbing,  metallic  bodies  give 
their  own  fire,  175. — muft  a  charged  bottle 
be  placed  on  an  infulating  body  in  order  to 
preferve  its  charge,  314.  —do  the  coatings 
of  a  plate  contribute  to  increafe  the  quan¬ 
tity  of  its  charge,  330. — whence  the  rem¬ 
nants  of  charges,  336. — whence  the  rem¬ 
nants  of  eleClricity  after  difeharges,  336. 
whence  the  holes  and  fiffures  of  glaffes, 
344. — whence  the  fraCtures  of  glaffes  ob¬ 
served  by  Dr.  Prieftley,  361.  — why  do 
fparks  refufe  to  pafs  over  the  furface  of 
recent  glafs,  617.  —  how  perfons  firuck  by 
lightning  may  be  affifted,  662.  —  is  there 
any  fubftance  which  fparks  can,  with  any 
advantage,  drive  through  the  fkin  of  man, 
661. — can  the  friCtion  of  the  blood  againft 
the  arterial  veflfels  create  an  eleCfricity, 
679. — are  fight,  and  animal  motions,  pro¬ 
duced  by  eleCtric  vibrations,.  680. — can 
the  duration  of  vifion  be  explained  by  the 
eye’s  phofphoreity,  681. — is  the  common 
colour  left  on  glafs  by  melted  metals  a  fign 
of  fome  conftituent  principle,  common  to 
them  all,  714 — is  any  igneous  principle 
the  efficient  caufe  of  magnetifm,  737., 
et  feq. — why  dies  eleCtric  light  pervade 
infulating  bodies,  while  eleCtric  fire  can¬ 
not,  779. — -do  infulating  eleCtrified  bodies 
actually  retain  their  electricity  when  in  a 
fiate  of  adhefion,  953,  etfeq . 

Rain ^ 
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R. 

Rain,  its  drops  increafe  as  they  fall, 

2  73- 

Relaxation ,  of  the  ele&ric  fire  propor¬ 
tioned  to  its  deficiency,  437. — is  intro¬ 
duced  into  the  fire  of  the  ambient  air  by 
the  deficiency  of  bodies  immerfed  in  it, 
826. 

Rejijlance ,  of  the  air  againft  fparks, 
520,  etfeq. 

S. 

Salty  falts  afford  light  when  pounded, 
764  —whence  it  arifes,  765. 

Salt ,  rock,  a  difcharge  does  not  pafs 
over  its  furface,  617. 

Signs ,  eledric,  what  they  are,  4. — their 
different  kinds,  6,  8. — their  laws,  56. — 
are  produced  by  one  and  the  fame  fluid, 
57»  etfeq •  138  — do  not  take  place  between 
parts  of  the  fame  fyftem,  62,  et  Jeq. — 
nor  between  parts  of  different  fyftems,  if 
they  communicate  together,  68.—  how 
may  be  obtained  greateft,  71. — they  in¬ 
creafe  in  proportion  to  the  capacity  of  the 
fyftems,  78. — abfolute  and  refpeflive  figns, 
8r.  — when  of  an  homologous  nature 
deftroy  each  other,  82,  et  feq.  vide  Alo- 
tions. 

Smoke ,  fit  to  propagate  electricity 
through  the  air,  888. — driven  by  the 
eie  dir  ic  wind,  783. 

Snow,  is  fcattered  by  a  difcharge  fent 
over  its  furface,  614. 

Spark ,  eledric,  what  it  is,  10. — runs 
through  a  very  long  fpace  in  an  indif- 
cernible  inftant,  370.  —  yet  the  length  of 
fuch  paffage  oppófes  fome  refiftance  to  it, 
319,  325,  et  feq.  692,  722. — its  light  feen 
through  infulating  bodies,  353,  ct  feq. — 
the  amplenefs  of  its  palfage  proportioned 
to  the  quantity  of  the  fire,  529,  et  feq. 
its  action  upon  air,  532,  534,  et  feq.— 
562. — caufes  the  mercurial  column  of  a 
barometer  to  rife,  538.  — its  effeds  increafe 
in  proportion  as  the  fpace  through  which 
it  is  made  to  rufh  is  narrower,  531. — its 
light  more  vivid  at  its  extremities,  540. 
—grows  narrower  in  proportion  to  the 
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refiftance  it  meet-',  546,  551,  et  feq.— 
why,  and  when  grows  incurvated-,  516, 
555»  55Ò>  557»  et  Jeq.  its  •zig  zag  motion, 
arifes  from  the  refiftance  of  the  air,  5^6, 
559  — does  not  take  place  when  it  only 
meets  deferent  bodies,  558.  — when  zig¬ 
zags  moft  or  leaft,  564.  — the  rapidity  of 
its  ftroke  againft  the  air  caufes  the  latter 
abruptly  to  turn  it  from  its  courfe,  562. 
— the  fpace  or  line  in  which  it  zigzags, 
feems  compoled  of  waves  alternately  more 
and  lefs  lucid,  566. — it  divides  itfelf  into 
fuch  fpaces  or  paflages  as  oppofe  the  leaft: 
refiftance  to  it,  569 ,et feq. — deftroys  the  fur- 
face  ofglafs,  605. — finds  fome  refiftance  in 
penetrating  through  the  fubftance  of  water, 
588,  et  feq.  610. — its  adion  on  living 
bodies,  622,  et  feq.  —  runs  through  fuch 
mufcles  as  are  of  the  greateft  capacity,  624, 
631,  et  feq.  636  — the  kind  of  ottion  it 
exercifes  on  liv  ng  bodies,  625,  et  feq.  632, 
et  feq.  —  intenfity  of  fuch  addon,  029.-- 
its  effects  on  the  fame  bodies,  637. — its 
effeCts  on  metals,  698,  etfeq. — melts  giafs, 
699.  — Clivers  it,  703. — its  heating  power, 
703. — lengthens  an  iron  wire,  718  — re¬ 
duces  it  to  the  ftate  of  Teoria.  723,  et  feq. — 
fcatters  the  phlogiftic  of  metals,  724,  744. 

—  creates  magnetifm,  729 — how  metal- 
lifies  againft  metallic  calces,  740. — chars  a 
piece  of  paper  anointed  with  oil,  744.  — pro¬ 
duces  phofphoreity,  763. 

Spirit  of  wine,  when  and  why  kindled 
by  a  fpark,  616. 

Square,  Frank! inian,  194.  See  Charge. 

Star ,  little,  the  appearance  of  its  lighr, 
14,  1 14. — its  contrariety  to  the  brulli, 

1 1 7. — fuch  contrariety  does  not  arife  from 
a  diverfity  of  fubftances,  118,  et  feq. — 
confirms  the  theory  of  charges,  184,  etfeq. 

—  when  appears  on  a  point  prefented  to  a 
rubbed  body,  368.  — its  efficient  caufe, 
826,  et  feq. — its  charaderift ic  difference 
from  a  brulh,  827. — when  may  affame  the 
appearance  of  a  bruth,  829  — why  its  rays 
are  Ihort,  835.  —  when  degenerate  io  finali 
fparks,  804. 

Star ,  falle,  little,  119.  —  how  brought 
back  to  its  Hate  of  true  brulh,  822, 

Sticky  an  oiled  ftick  becomes,  when 
rubbed,  eledric  by  deficiency,  366. 

Q-  q  q  2  Slocking 


I  N  D 

Stocking,  a  white  filk  flocking  becomes, 
by  being  rubbed,  eledtric  by  excefs,  and  a 
black  one,  by  deficiency,  943. 

Stone,  paragon,  driven  by  a  fpark  into  a 
deferent  vapour,  602,  et  feq. 

Stones,  fall  of  ftones  from  heaven,  ex- 
pl-uned,  593. 

Sugar,  receives  a  phofphoreity  from 
fparks,  ^63. — gives  light  when  breaking, 
76  4 

Syjiem,  animated,  animating,  and  indif¬ 
ferent  fyftems,  62. 

T. 

Talc ,  manifefts  no  eledlricity  when  its 
different  Arata  are  forcibly  feparated  from 
each  other,  993. 

Tenfion,  proportioned  to  the  excefs  of 
the  fire,  436. — the  ten  ft  n  of  the  fire  in¬ 
herent  in  the  air,  co  operates  in  forming, 
refloring,  and  altering  the  equilibrium  of 
the  fire  proper  to  bodies,  503,  et  feq. 

Theory ,  fubftance  of  the  Franklinian 
theory,  55. — its  demonflration,  56,  et  feq. 

— theory  of  the  circulation  of  the  eledtric 
fire,  148,  et  feq. — of  charges  and  difcharges, 
177,  183,  et  feq.  203,  240,  258.  —  ob¬ 
jections  againft  it,  219. 

Threads,  motions  of  two  wetted  and 
electrified  threads,  938. — of  feveral  threads 
not  wetted,  848,  et  feq.  —  of  feveral  threads 
hanging  parallel  to  one  another,  852. — 
threads  of  amianthus  fcarcely  move  in  the 
barometric  vacuum,  907. 

Tin,  what  colour  exhibits  after  being 
melted  by  a  fpark,  710,  714. 

Tourmalin  gem,  becomes  eledbified  by 
common  heat,  30,  670. 

Tran  [piratica  of  animals  is  promoted  by 
electricity,  656. 

V. 

Vacuum,  is  deferent,  258,  527  — ba¬ 
rometric  vacuum,  26Ó,  524,  et  Jeq. — what 
appearance  the  eledtric  hre  exhibits  while 
pading  through  it,  525  — eledtnc  motions 
in  the  barometric  vacuum,  907,  908,910. 

Vapcuis,  are  fit  to  propagate  electricity 
through  the  a:r,  888. — moiit  vapours  con- 
trarily  dedtrified  unite  together,  882. — 


E  X. 

ftifle  a  fltme,  752. — are  difpofed  by  com¬ 
mon  fire  in  its  way,  759.  — both  the  elec¬ 
tric  and  the  common  fire  are  diflipated 
through  them,  752. 

Vegetation ,  is  promoted  by  electricity, 
659,  672. 

Velocity  of  the  eledtric  fire,  when  get¬ 
ting  into,  or  out  of  points,  787,  790. 

Verdegreafe ,  efFedtsof  fparks  upon  it,  789. 

Vibrations ,  eledtric,  what  they  are,  930. 
—  when  transformed  into  fufpenfiens,  931  = 
See  Motions. 

Vitriol,  difcharges  refufe  to  pafs  over 
its  furface,  617. 

W. 

Water,  is  deferent  in  a  lefs  degree  than 
metals,  578,  584,  et  feq.—  refifts  the  paf- 
fage  of  the  eledtric  fire  in  proportion  to 
the  length  and  narrownefs  of  its  furface, 
580,  et  feq.  —  \s  driven  into  vapours  by 
fparks,  588,  593.  — drops  of  water  fuf- 
pended  in  the  pallage  of  the  fire,  886,  933. 
— rhe  eledtric  fire  runs  over  the  furface  of 
water,  579,  602. 

Wax,  lealing,  produces  when  rubbed,, 
eliedts  contrary  to  thofe  of  rubbed  elafs, 
152,  366. 

Weather,  what  is  propereft  for  eledtric 
experiments,  271. 

Well,  the  eledlric,  what  it  is,  4.42.— 
nerefiary  cautions  to  make  the  experiments 
of  it,  446  — refult  of  theie  experiments,, 
448,  (t  feq.— foul  of  the  well,  that  which  is 
fo  called,  451.  See  Cavity. 

Wheels,  fet  in  motion  by  the  eledtric 
wind,  781. 

Wind ,  eledtric,  what  it  is,  13,  781. — 
either  diredt  or  lateral,  782. — how  becomes 
vifible  when  diredt,  783. —does  not  confiti: 
of  an  affluent  eledlric  matter,  783. — its 
effedis,  781. — how  aiifes  from  points  de¬ 
fectively  eledtrfied,  795,  et  feq. — flopped 
by  the  prefence  of  an  homologous  at- 
mofphere,  799  — farther  eflvdts  of  homo¬ 
logous  atniofpheres  upon  it,  802,  805. 

Z. 

Zinc,  effefts  of  fparks  upon  it,  730. 
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To  the  Treatife  on  the  Atmofpheric  Ele&ricity,  during 

Serene  Weather* 


/j  P P  ARATUS,  by  which  to  obferve 
the  eledricitv  of  clear  weather,  de¬ 
scription  of  that  ufed  by  the  author,  996  .  . 
1001. 

C. 

Clearing  of  the  weather,  the  eleCtricity 
during  it  is  always  of  an  exceffive  kind, 
1049,  IO52. — to  the  different  manners  in 
which  it  is  effected  correfpond  different 
accidents  of  the  atmofpheric  electricity, 
1053,  et  feq. — tledric  figns  by  which  to 
know  when  the  wejther,  after  clearing, 
will  continue  fair,  ibid. 

Clouding  of  the  weather,  to  the  different 
manners  in  which  it  takes  place,  different 
accidents  of  the  atmofpheric  electricity 
correfpond,  1057,  1061. 

Clouds ,  the  different  manners  in  which 
clouds  of  different  appearances  influence, 
by  their  paffage,  the  atmofpheric  elec¬ 
tricity,  1071,  1076  —  charaderiftic  dif¬ 

ferences  between  thofe  clouds  which  lef- 
fens  and  thofe  which  incre^fe,  by  their 
paffage,  fuch  eleCfricity,  ibid. 

Cold ,  by  condenfating  rhe  moift  vapours 
in  the  air,  increafes  the  frequency  of  the 
atmofpheric  electricity,  1109. 

D. 

Dew,  electricity  produced  by  the  evening 
dew,  its  peculiar  intenfity,  1136. — obferva- 
lions  upon  it,  1137,  1141. — a  feries  of 
proportions  upon  it,  1140.  .  1145.— the 
reiult  of  a  feries  of  confecutive  obfervations 
upon  the  fame,  1146,  et  feq. 

E. 

Ekdfricity ,  of  clear  weather,  is  con- 


flantly  of  an  exceffive  kind,  1006. — a  few 
inftances  contrary  to  this  rule,  1008,  et 
feq.  See  Inverfion ,  &c. — its  different  de¬ 
grees  of  intenfity,  1002. — and  of  fre¬ 
quency,  1004. — the  moifture  in  the  air  is 
the  conductor  of  it,  1036. — attempt  to 
meafure  its  abfolute  quantity,  1040,  et  feq. 
— is  proportioned  to  the  quantity  of 
moifture  in  the  air,  fo  far  as  the  latter 
does  not  deftroy  the  infulation  both  of  the 
atmofphere  and  the  wire,  1045,  et  feq. — 
is,  as  well  as  the  eleftricity  raifed  in  a 
room,  an  aereo  vaporous  kind  of  eleCtricity, 
1081,  1082. — eleCtricity  of  dew,  fee 

Dew. 

Elefirofcope ,  defcription  of  the  two  ufed 
by  the  author,  1020.  .  .  .  1025.  a  few 
conflderations  on  thefe  inftrumerits,  1026. 
i°35 — inftance  of  the  unavoidable  flug- 
gifh  nefs  of  the  fame,  1152. — experiment 
to  render  it  manifeft,  1153 ,  et  feq. 

F. 

Fogs,  a  feries  of  experiments  on  the  at¬ 
mofpheric  eleCtricity  during  the  time  they 
prevail,  1062.  1069. 

Fi equency  of  the  atmofpheric  eledricity, 
what  it  is,  1004. — is  proportioned  to  the 
quantity  of  moifture  in  the  air,  otherwife 
to  the  imperfedion  cf  the  infulation,  1093, 
et  feq. 

H. 

Heat  of  the  weather  caufes  the  air  to 
diffulve,  and  as  it  were,  hide  a  much 
greater  quantity  of  moiflure  than  it  does 
in  cold  weather,  1092,  et  feq. — hence  the 
greater  frequency  of  the  eledricity  in 
warm  weather,  1106- 

Infulation^ 


INDEX. 


I. 

Injulation ,  to  what  proportioned,  a 
formula  to  exprefs  fuch  proportion, 
1081. 

lnvc:fum+  of  the  nature  of  the  atmof- 
pheric  eleCtricity  during  clear  weather,  a 
few  inftances  of  it,  1006,  1012. — whence 
fuch  accident  arifes,  1014,  IOJ7. 

K. 

Kites,  their  ufe  to  obferve  rhe  atmo- 
fpheric  electricity,  1070,  1080,  io8j, 
1120,  II33. 

M. 

Moiflure ,  in  the  air,  is  the  conductor 
of  the  atmofpheric  eleCtricity  of  clear 
weather,  1036. — both  the  intenfity  and 
frequency  of  the  latter  are  proportioned  to 
its  quantity,  fo  far  as  it  does  not  deftroy 
the  infulation  of  both  the  atmofphere  and 
the  exploring  wire,  1095  to  1114. 


P. 

Paratomene ,  what  kind  of  inflrument, 
1 119. 

Period ,  daily,  of  the  atmofpheric  elec¬ 
tricity,  what  it  is,  1084,  et  feq . — 1090, 
et  feq. 

S. 

Sky-rockets ,  their  ufe  to  explore  the  ftate 
of  the  atmofpheric  eleCtncuy  in  foggy, 
or  in  general,  in  calm  weather,  kites  being 
then  ufelefs,  1060,  1067,  1079. 

W. 

Winds ,  their  friCtion  againft  the  earth 
is  not  the  efficient  caufe  of  the  atmofpheric 
eleClricity,  1112. — experiments  to  prove 
it,  1113  to  1119. — dry  impetuous  winds 
leflen  the  atmofpheric  eleCtricity  of 
clear  weather,  or  even  annihilate  it,  1112, 
1117,  1120,  1121  to  1127. — mo, ft 
winds  at  firft  increafe  the  frequency  of 
th  is  eledtricity,  but  at  laft  deftroy  the  ne- 
ceftary  infulation,  1112,  1128  to  1131. 
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